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OXIME SUBSTITUTED IMIDAZO RING COMPOUNDS 

» 

CROSS-REFERENCE TO RELATED APPLICATIONS 
The present application claims priority to U.S. Provisional Application. Serial No. 
60/520,418, filed on November 14, 2003, which is incorporated herein in its entirety. 

BACKGROUND 

In the 1950's the l^irmdazo[4,5- C ]quinoline ring system was developed, and l-(6- 

mefcoxy-8-qumol^^^ ™ ***** 

use as an antimalarial agent. Subsequently, syntheses of various substituted IH- 
hnidazoL4,5- C ]quinolines were reported. For example, l-^-piperidyDethyll-lH- 
imidazo[4,5-c]qumoline was synmesized as a possible anticonvulsant and cardiovascular 
agent Also, several 2-oxoimidazo[4,5-c]quinotines have been reported. 

' Certain iH-imidazo^-clqumolm-A-amines and 1- and 2-substituted derivatives 
thereof were later found to be useful as antiviral agents, bronchodilators and 
i^unomodulator, Subsequently, certain substituted lH-imid^oL4,5- C ]pyndm^amme, 
aumolm-4-amme, tetrahydroqumo^ 

tetrahydronaphmyridm-4-amine compounds as well as certain analogous thiazolo and 
oxazolo compounds were synthesized and found to be useful as immune response 
modifiers (IRMs), rendering them useful in the treatment of a variety of disorders 

There continues to be interest in and a need for compounds that have the abxhty to 
modulate the immune response, by induction of cytokine biosynthesis or other 

# 

mechanisms. 



SUMMARY 

The present invention provides a new class of compounds that are useful in 
30 inducing cytokine biosynthesis in animal, Such compounds are of the following Formula 



I: 
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I 



and, more particularly, compounds of the following Formula E: 



NH. 



Rbi I 1 




X- 




R' 



■i 



k A1 



R 



n 



10 



wherein: R', R", Ra, Rb, Ra„ Rbi, R,. ** and X are as defined below. 

The compounds of Formulas I and II are useful as immune response modifiers 

m 4 i1 ■ ~~~ ^ 



asm due » abiuty ,0 Muce cyt ° M0S > aimesls — 

production of one or more cytokines) and otherwise modulate the immune response when 
altered «o animals. This makes tie compounds useful in the treatment of a vanety of 
conditions, such as viral diseases and neoplastic diseases, mat are responsive to such 

1 5 changes in the immune response. 

In another aspect, the present invention provides pharmaceutical compositions 
containing the immune response modifier compounds, and methods of inducing cytokine 
biosynthesis in an animal, treating a viral disease in an animal, and treating a neoplastic 
disease in an animal, by administering an effective amount of one or more compounds of 
20 Formula I and/or Formula H and/or pharmaceutical* acceptable salts thereof to the animal. 

In another aspect, the invention provides methods of synthesizing compounds of 
Formulas I and H and intermediates useful in the synthesis of these compounds. 
As used herein, V "an," "the," "at least one," and "one or more" are used 

interchangeably. 
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■ ^ tv^rpnf do not have a limiting meaning 
The terms "comprising" and variations thereof do not n 

^ +orr« c anoear in the description and claims. 

where these terms appceu ^ ui r 

T^eaboves^a.yoftopresen.inven.ionisnot.n.cnded.odescnbeeaoh 

The above invention. The description 

disclosed embodiment or every nnplementation of the presen 

« follows more particularly exemplifies ill— embodiments Guidance »*. 
mat iouows. various combmations. In 

provided herein through lists of examples, which can he us 

proviuw wtwP Qentative group and should not be 

each instance, the recited list serves only as a representative gr p 

interpreted as an exclusive list. 

DETAILED DESCRIPTION OF ILLUSTRATIVE 
™ ™^TTv/rnMTS OF THE INVENTION 



The present invention 

VI: 



provides compounds of the following Formulas I through 



NH, 






-N 


> 




-N 






Ra 


R' 



N 



15 
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NH. 



W A2 



'1 



VI 



as 



we „ . tate — of *e Fondas VH «-* V* (so m e of wHC a. 



active compounds): 



10 




'-O-N 




vn 
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(R) n 

VHb 




VIE 



as defined below. 



fc one aspect, <he prese* ta— °' " " 



I: 




15 wherein: 

X is Ci-10 alkylene or C2-10 alkenylene; 

Ra and R B are each independently selected from the group consishng of: 

hydrogen, 
halogen, 

20 

alkenyl, 
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alkoxy, 
alkylthio, and 

-N(R 9 ) 2 ; 

or when taken together, R A and R B form a fused aryl ring or heteroaryl nng 
containing one heteroatom selected from the group consisting of N and S, wherein the aryl 
or heteroaryl ring is unsubstituted or substituted by one or more R" groups; 

or when taken together, R A and Re form a fused 5 to 7 membered saturated 
ring, optionally containing one heteroatom selected from the group consisting of N and S, 
and unsubstituted or substituted by one or more R groups; 

R 2 and R" are independently selected from the group consisting of: 

hydrogen, 

alkyl, 

alkenyl, 

aryl, 

arylalkylenyl, 

heteroaryl, 
heteroarylalkylenyl, 

heterocyclyl, 

heterocyclylalkylenyl, and 

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, 
heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents selected 

from the group consisting of: 

hydroxy, 

alkyl, 

haloalkyl, 

hydroxyalkyl, 

alkoxy, 
amino, 

dialkylamino, 

-S(O) 0 -2-alkyl, 

-S(0)o.2-aryl, 
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15 



orR 2 aiidR" can join 



-NH-S(0) 2 -alkyl, 
-NH-S(0) 2 -aryl, 
haloalkoxy, 
halogen, 

cyano (i.e., nitrile), 

nitro, 

aryl, 

heteroaryl, 

heterocyclyl, 

aryloxy, 

» 

arylalkyleneoxy, 

-C(0)-0-alkyl, 

-C(0)-N(R8>2, 
-N(R8)-C(0)-alkyl, 

-0-(CO)-alkyl, and 
-C(0)-alkyl; 

join together to form a ring system selected from the group 




R n ' wherein the total number of atoms in the ring is 4 to 9, and 




20 



25 



Ri^r ** wherein the total number of atoms in the ring is 4 to 9; 



and Ra are independently selected from the ^oup consisting of hydrogen^ 
halogen hydroxy, a*enyl, ■* afcoxy, afcylthio, and W - Rc and 

one to four heteroatoms; _ ^ , r rr . 
A' is seiected tan ft. group consisting of -0-, «^ 

q . sel ec.ed tan the ffoup consisting of a bond, <XWK • S <°^ 
■C(Rs)-N(Es)-W-, -S(OVN(R,)-, -C<W<K and 
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R is selected from the group consisting of: 
halogen, 
hydroxy, 

alkyl, 

alkenyl, 

haloalkyl, 

alkoxy, 

alkylthio, and 

-N(R 9 >2; 

R- is hydrogen or a non-interfering substituent; 
R'" is a non-interfering substituent; 



alkynyi 



R4 is selected nuw ^ - 

aryWkylenyl, aryloxyaMenyl, alkylarylenyl, »«• *^*«> 
tateroly.oxyal^enyl, alkylheteroaryleny., and heterocycly. wherern the ^ « 

or snbsftuted by one or more sub— independently seated from the g^np 
eating of «i alkoxy, hydroxy*., ha,oa*y., haloafcoxy, halogen, nrtro, hydroxy, 
mercapto, eyano, aryl, aryloxy, arylaJkyleneoxy, heteroaryl, heteroaryloxy, 
hetemarylallrylenenxy.heteroeyelyl.ammo.alkyl^ 

heteroary ury ajw. alkenyl, alkynyl, and heteroeyclyl, 



OXO; 

is selected from the group consisting of =0 and -S; 
r, is selected from the group consisting of hydrogen, Cm. alkyl, Oh. alkenyl, 
Ci 10 alkoxy-C.,0 alkylenyl, and aryl-C^o alkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; . 

R n is Cm alkylene or Cm alkenylene, wherein the alkylene or alkenylene » 

optionally interrupted by one heteroatom; 

R 12 is selected from the group consisting of a bond, C, 5 alkylene, and 
C, 5 alkenylene, wherein the alkylene or alkenylene is optionally interrupted by one 

heteroatom; and 
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W is selected from the group consisting of a bond, -C(0>, and -SCO*; 
or a phannacenticaUy acceptable salt thereof. 

b 0 ne aspect, tbe present invention provides contponnds of the following Formosa 



n: 



10 



20 



25 




n 



wherein: 

X is Ci-io alkylene or C 2 . 10 alkenylene; 

R A1 and Rbi are each independently selected from the group consisting of. 



or 



hydrogen, 

halogen, 

alkyl, 

15 alkenyl, 

alkoxy, 
alkylthio, and 

when taken togedrer, Rai and Rs, form a fltsed arvl ring or heteroaryl nng 
— , Tone heteroatonr selected front the gronp cnnsianng of K and S, wherein M 

w nne R, eroup or substituted by one R 3 group and one R group, 
by one R 3 group, or g ^ ? 

or when taken together, Rai ana ^bi «» 

• • «p heteroatom selected from the group consisting of N and S, 
ring, optionally containing one heteroatom seiec 

and'unsubstituted or substituted by one or more R groups; 
R is selected from the group consisting of: 
halogen, 
hydroxy, 



10 



PC17US2004/037854 

WO 2005/048933 



10 



alkyl, 

alkenyl, 

haloalkyl, 

alkoxy, 
alkylthio, and 

-N(R 9 )2; 

Rl is selected from the group consisting of: 

-m, 

-X'-R4, 

-X-Y-R4, 
-X'-Y-X'-Y-R*, 

-X'-R 5 , 

.X"-0-NRi a -Y*-Rib, and 
-X"-0-N=C(Ri')(Ri"); 



15 



fa R", *. Rite Ri'» and Ri" - Independently se.ec.ed 6» *e group — g 



of: 



20 



hydrogen, 

alkyl, 
alkenyl, 
aryl, 

arylalkylenyl, 

heteroaryl, 
heteroarylalkylenyl, 

heterocyclyl, 

heterocyclylalkylenyl, and 

atony., aryl, aryfc« heteroaryl, he.eroarylancy.enyl, 

,i. k v n ne or more substituents selected 

heterocyclyl, or heterocyclylalkylenyl, substituted by one 

from the group consisting of: 

hydroxy, 

alkyl, 

30 y ' 

haloalkyl, 



25 
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hydroxyalkyl, 

alkoxy, 

amino, 

dialkylamino, 

-S(0)o. 2 -alkyl, 

-S(O) 0 -2-axyl, 

-NH-S(0) 2 -alkyl, 

-NH-S(0) 2 -aryl, 

haloalkoxy, 

■ 

halogen, 
cyano, 
nitro, 
aryl, 

heteroaryl, 

heterocyclyl, 

aryloxy, 

arylalkyleneoxy, 

-C(0)-0-alkyl, 

-C(0)-N(Rg) 2 , 
-N(R8>C(0)-alkyl, 

-0-(CO)-alkyl, and 

-C(0)-alkyl; 

or R 2 and R" and/or Ri' and Ri" can join together to form a ring system selected 
from the group consisting of: 

11 wherein the total number of atoms in the ring is 4 to 9, and 



R 12 ^ w b.erein the total number of atoms in the ring is 4 to 9; 
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or Ru and R«, together with the nitrogen atom and Y' to which they are bonded can 
join to form a ring selected from the group consisting of: 
-N-C(Re) -N-S(0) 2 

( J ^ R 

R 7 and 7 1 
R 3 is selected from the group consisting of: 

-Z-R4, 

* 

-ZOC-R4, 
-Z-X-Y-R4, 
-Z-X'-Y-X'-Y-R4, and 

X is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated by arylene, heteroarylene ox 
heterocyclylene and optionally interrupted by one or more -O- groups; 

X' is selected from the group consisting of-CH(R 13 )-alkylene- and 
-CH(RB)-alkenylene-, wherein the alkylene and alkenylene are optionally interrupted by 

one or more -O- groups; 

Y is selected from the group consisting of: 

-S(O) 0 -2-> 
-S(0) 2 -N(R«)-, 

-C(R6)-> 
-C(Re)-0-, 

-O-CCEU)-, 
-0-C(0)-0-, 

-N(Rs)-Q-, 
-C(R<0-N(R8)-, 

-0-C(R6)-N(R 8 )-, 

-C(R6)-N(OR 9 )-, 
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N-C(Rs)-N-W- 

R 7 

N — R 7 — N-Q— 



—V-N 

V 




, and 





N-C(Re)-N 
R J V R10 

V is selected from the group consisting of: 
a bond, 
-C(O)-, 
-C(S>, 
-S(0) 2 -, 
-S(0) 2 -N(R8)-, 



-S(0) 2 -N 




R 10 



-C(0)-0-, 
-C(0)-N(R 8 )-, 
-C(S)-N(Rg)-, 
-C(0)-N(R8)-S(0) 2 -, 

-C(0)-N(R8)-C(OK 
-C(S)-N(R8)-C(0)-, 




-C(0)-C(0)-, 
-C(0)-C(0)-O, and 

-C(=NH)-N(Rs)-; 

Z is a bond or -O-; 
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Rc and Rd are independently selected from the group consisting of hydrogen, 
halogen, hydroxy, alkyl, alkenyl, aryl, haloalkyl, alkoxy, alkylthio, and -N(R 9 ) 2 ; or Rc and 
R, can join to form a fused aryl ring or fused 5-10 membered heteroaryl ring containing 

one to four heteroatoms; 

R, is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkyleny 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be unsubstituted 
or substituted by one or more substituents independently selected from the group 
consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, 
mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 

oxo; 

R 5 is selected from the group consisting of: 

_ r C (Re) -N-S(0) 2 _ V -N ^ <*> V A 

W ^CHA-^ , and Rl ° ; 

Re is selected from the group consisting of =0 and =S; 
R 7 is C2-7 alkylene; 

Rs is selected from the group consisting of hydrogen, Cmo alkyl, C2-10 alkenyl, 
Ci-10 alkoxy-Ci-io alkylenyl, and aryl-Ci-io alkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; 

R 10 is C3-8 alkylene; 

Rn is C1-6 alkylene or C2-6 alkenylene, wherein the alkylene or alkenylene is 
optionally interrupted by one heteroatom; 

R 12 is selected from the group consisting of a bond, C1-5 alkylene, and 
C2-5 alkenylene, wherein the alkylene or alkenylene is optionally interrupted by one 
heteroatom; 
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R 13 is selected from the group consisting of hydrogen and alkyl which may be 
optionally interrupted by one or more -O- groups; 

A is selected from the group consisting of -CH 2 -, -O, -C(O)-, -S(0)o-2-» and 

-N(R4)s 

A» is selected from the group consisting of -O-, -S(O) 0 -2-, -N(-Q-R4>, and -CH 2 -; 
Q is selected from the group consisting of a bond, -C(R<5)-, -C(R<s)-C(R6)-, -S(0)2-, 
-C(R6)-N(R8>W-, -S(0) 2 -N(R8)-, -C(R6>0-, and -C(R6)-N(OR 9 )-; 

V is selected from the group consisting of -C(R<>)-, -OC(R6)-, -N(Rs)-C(R6)-, and 

-S(0) 2 -; 

W is selected from the group consisting of a bond, -C(O)-, and-S(0) 2 S and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
or a pharmaceutical^ acceptable salt thereof. 

In one aspect, the present invention provides compounds of the following Formula 

m: 




(FOn 

m 

wherein: 

X is Cmo alkylene or C 2 -io alkenylene; 

R 2 and R" are independently selected from the group consisting of: 
hydrogen, 
alkyl, 
alkenyl, 
aryl, 

arylalkylenyl, 
heteroaryl, 
heteroarylalkylenyl, 
heterocyclyl, 

16 
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heterocyclylalkylenyl, and 

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, 
heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents selectee 

from the group consisting of: 

hydroxy, 

alkyl, 

haloalkyl, 

hydroxyalkyl, 

alkoxy, 

dialkylamino, 

-S(O) 0 -2-alkyl, 

-S(O) 0 -2-aryl, 

-NH-S(0) 2 -alkyl, 

-NH-S(0) 2 -aryl, 

haloalkoxy, 

halogen, 

cyano, 

nitro, 

aryl, , 

heteroaryl, 

heterocyclyl, 

aryloxy, 

arylalkyleneoxy, 
-C(0)-0-alkyl, 

-C(0)-N(R8) 2 , 
-N(Rg)-C(0)-alkyl, 

-0-(CO)-alkyl, and 

-C(0)-alkyl; 

or R 2 and R" can join together to form a ring system selected from the group 
consisting of: 
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A' 

Rl 1 wherein the total number of atoms in the ring is .4 to 9, and 

12 d wherein the total number of atoms in the ring is 4 to 9; 

A* is selected from the group consisting of -O-, -S(0)o-2-, -NO-Q-R*)-, and -CH2-; 
Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-, -S(0)2-, 
5 -C(R6)-N(Rg)-W-, -S(0) 2 -N(Rg)-, -C(R<>)-0-, and -C(Rs)-N(OR 9 )-; 

W is selected from the group consisting of a bond, -C(O)-, and -S(0) 2 -; 
Rc and R<j are independently selected from the group consisting of hydrogen, 
halogen, hydroxy, alkyl, alkenyl, aryl, haloalkyl, alkoxy, alkylthio, and -N(R 9 )2; or R= and 
Rd can join to form a fused aryl ring or fused 5-10 membered heteroaryl ring containing 

1 0 one to four heteroatoms ; 

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkyleny 

1 5 heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be unsubstituted 
or substituted by one or more substituents independently selected from the group 
consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, 
mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 

20 (dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 

OXO; 

is selected from the group consisting of =0 and =S; 
Rg is selected from the group consisting of hydrogen, Ci-io alkyl, C2-10 alkenyl, 
Ci-10 alkoxy-Ci-10 alkylenyl, and aryl-Ci-io alkylenyl; 
25 R 9 is selected from the group consisting of hydrogen and alkyl; 

R n is C1-6 alkylene or C 2 ^ alkenylene, wherein the alkylene or alkenylene is 
optionally interrupted by one heteroatom; 
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R l2 is selected from the group consisting of a bond, C1-5 alkylene, and 
C2-5 alkenylene, wherein the alkylene or alkenylene is optionally interrupted by one 

heteroatom; 

n is an integer from 0 to 4; 

R m is a non-interfering substituent; and 

R is hydrogen or a non-interfering substituent; 
or a pharmaceutically acceptable salt thereof. 

In one aspect, the present invention provides compounds of the following Formula 

ma: 




ma 



wherein: 

X is Ci-10 alkylene or C 2 -io alkenylene; 
R is selected from the group consisting of: 

halogen, 

hydroxy, 

alkyl, 

alkenyl, 

haloalkyl, 

alkoxy, 

alkylthio, and 

-N(R 9 ) 2 ; 

Ri is selected from the group consisting of: 

-R4, 

-X'-R4, 

-X-Y-R4, 

-X'-Y-X'-Y-R*, 

19 
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-X'-Rs, 

-X'^O-NRu-Y'-Rib, and 

-X'*-o-N=c(R,')(Rr); 

R 2 , R", Ria, Rib, Ri', and R" are independently selected from the group consisting 



of: 



hydrogen, 
alkyl, 
alkenyl, 
aryl, 

arylalkylenyl, 
heteroaryl, 
heteroarylalkylenyl, 
heterocyclyl, 

heterocyclylalkylenyl, and 

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, 
heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents selected 

from the group consisting of: 

hydroxy, 

alkyl, 

haloalkyl, 

hydroxyalkyl, 

alkoxy, 

amino, 

dialkylamino, 

-S(O) 0 -2-alkyl, 

-S(O) 0 -2-aryl, 

-NH-S(0) 2 -alkyl, 

-NH-S(0) 2 -aryl, 

haloalkoxy, 

halogen, 

cyano, 
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nitro, 
aryl, 

heteroaryl, 

heterocyclyl, 

aryloxy, 

arylalkyleneoxy, 
-C(0)-0-alkyl, 

-C(0)-N(Rs)2, 
-N(R8)-C(0)-alkyl, 

-0-(CO)-alkyl, and 

-C(0)-alkyl; 

or R 2 and R" and/or Ri' and Ri" can join together to form a ring system selected 
from the group consisting of: 

A' 

Rl 1 wherein the total number of atoms in the ring is 4 to 9, and 

R 11~N /R c 




R i2*^ Rd wherein the total number of atoms in the ring is 4 to 9; 
or R la and R lb together with the nitrogen atom and Y' to which they are bonded can 
join to form a ring selected from the group consisting of: 
-N— C(Re) -N— S(0) 2 

^ „ ^/ • 
K 7 and 7 ; 

R 3 is selected from the group consisting of: 

-Z-R4, 
-Z-X'-Ri, 
-Z-X'-Y-Rj, 
-Z-X'-Y-X'-Y-Ri, and 

-Z-X-R5; 
n is an integer from 0 to 4; 

m is 0 or 1; with the proviso that when m is 1, then n is 0 or 1; 
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X' is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated by arylene, heteroarylene or 
heterocyclylene and optionally interrupted by one or more -O- groups; 

X" is selected from the group consisting of-CH(Ri 3 )-alkylene- and 
-CH(Ri 3 )-alkenylene-, wherein the alkylene and alkenylene are optionally interrupted by 

one or more -O- groups; 

Y is selected from the group consisting of: 

-S(0)o- 2 -, 
-S(0)2-N(Rs)-, 

-C(R<>)-, 
-C(R<0-O-, 

-0-C(R6)-, 
-0-C(0)-0-, 

-N(R«)-Q-, 

-C(R6)-N(R8)-, 

-0-C(R6)-N(R8)-, 

-C(R6)-N(OR 9 )-, 




— N-C(R 6 )-N-W- 
— N — R 7 — N-Q— 



—V-N 

Vr 




10 



, and 





N-C(R6)-N 

10 ; 

Y 1 is selected from the group consisting of: 
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a bond, 

-C(O)-, 

-C(S)-, 

-S(0) 2 -, 

-S(0) 2 -N(R8)-, 




- S(0) 2 - N 



-C(0)-0-, 

-C(0)-N(R8)-, 

-C(S)-N(R8)-, 

-C(0)-N(R«)-S(0)2-, 

-C(0)-N(R8)-C(0)-, 

-C(S)-N(R8)-C(0)-, 




— C(O) — N 



-C(0)-C(0)-, 
-C(0)-C(0)-0-, and 
-C(=NH)-N(R*)-; 
Z is a bond or -0-; 

Rc and Rd are independently selected from the group consisting of hydrogen, 
halogen, hydroxy, alkyl, alkenyl, aryl, haloalkyl, alkoxy, alkylthio, and -N(R 9 ) 2 ; or Rc and 
Rc can join to form a fused aryl ring or fused 5-10 membered heteroaryl ring containing 

one to four heteroatoms; 

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkyleny 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be unsubstituted 
or substituted by one or more substituents independently selected from the group 
consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, 
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mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl 

oxo; 

R 5 is selected from the group consisting of: 
-N-C (R6 ) -N-S(0) 2 _ V -f \ -f N-C(Re)-N 

' - 9 * 9 



A 

2^b ^ 



R* is selected from the group consisting of =0 and =S; 
R 7 is C2-7 alkylene; 

Rg is selected from the group consisting of hydrogen, C1-10 alkyl, C 2 -io alkenyl, 
10 C M o alkoxy-Ci-10 alkylenyl, and aryl-Ci-10 alkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; 

■ 

Rio is C3-8 alkylene; 

R11 is C1-6 alkylene or C2-6 alkenylene, wherein the alkylene or alkenylene is 
optionally interrupted by one heteroatom; 
15 R 12 is selected from the group consisting of a bond, C1-5 alkylene, and 

C2-5 alkenylene, wherein the alkylene or alkenylene is optionally interrupted by one 
heteroatom; 

R13 is selected from the group consisting of hydrogen and alkyl which may be 
optionally interrupted by one or more -O- groups; 
20 A is selected from the group consisting of -CH 2 -, -O-, -C(O)-, -S(O) 0 -2-, and 

-N(R4)S 

A' is selected from the group consisting of -O-, -S(O) 0 - 2 -, -N(-Q-R4>, and -CH 2 -; 
Q is selected from the group consisting of a bond, -C(R6>, -C(R6)-C(R6)-> -S(0) 2 -, 
-C(R6)-N(R 8 )-W-, -S(0) 2 -N(Rs)-, -C(R<>)-0-, and -C(R6>N(OR 9 )s 
25 V is selected from the group consisting of -C(R6>-, -0-C(R6>-, -N(Rg)-C(R6)-, and 

-S(0) 2 -; 

W is selected from the group consisting of a bond, -C(O)-, and -S(0) 2 -; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
or a pharmaceutically acceptable salt thereof. 
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In one aspect, the present invention provides compounds of the following Formula 

Dla: 




(R 3 ) 



ma 

wherein: 

X is Cmo alkylene or C2-10 aJkenylene; 
R is selected from the group consisting of: 

halogen, 

hydroxy, 

alkyl, 

alkenyl, 

haloalkyl, 

alkoxy, 

alkylthio, and 

-N(R 9 ) 2 ; 

Ri is selected from the group consisting of: 

-R4, 

-X'-R4, 

-X'-Y-R*, 

OC-YOC-Y-R*, 

-X'-R 5 , 

OC'-O-NH-Y'-Ri', and 

-X^O-N^CRiOCRi"); 
R 2 , R", Ri', and Ri" are independently selected from the group consisting of: 

hydrogen, 

alkyl, 

alkenyl, 
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aryl, 

arylalkylenyl, 
heteroaryl, 
heteroarylalkylenyl, 
heterocyclyl, 

heterocyclylalkylenyl, and 

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, 
heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents selected 
from the group consisting of: 

hydroxy, 

alkyl, 

haloalkyl, 

hydroxyalkyl, 

alkoxy, 

dialkylamino, 

-S(O) 0 -2-alkyl, 

-S(O) 0 -2-aryl, 

-NH-S(0) 2 -alkyl, 

-NH~S(0) 2 -aryl, 

haloalkoxy, 

halogen, 

cyano, 

nitro, 

aryl, 

heteroaryl, 

heterocyclyl, 

aryloxy, 

arylalkyleneoxy, 
-C(0)-0-alkyl, 
-C(0)-N(R8)a, 
-N(R8>C(0)-alkyl, 
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-0-(CO)-alkyl, and 
-C(0)-alkyl; 

or R 2 and R" and/or Ri' and Ri" can join together to form a ring system selected 
from the group consisting of: 

=n A' 

1 1 wherein the total number of atoms in the ring is 4 to 9, and 
12 d wherein the total number of atoms in the ring is 4 to 9; 

* 

R3 is selected from the group consisting of: 
-Z-Rt, 
-Z-X-R,, 
-Z-X-Y-R,, 
-Z-X-Y-X'-Y-Ri, and 

-Z-X'-R 5 ; 
n is an integer from 0 to 4; 

m is 0 or 1; with the proviso that when m is 1, then n is 0 or 1; 

X is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated by arylene, heteroarylene or 
heterocyclylene and optionally interrupted by one or more -O- groups; 

X' is -CH(Ri 3 )-alkylene- or-CH(Ri 3 )-alkenylene-; 

Y is selected from the group consisting of: 

-S(O)0-2", 

-S(0) 2 -N(Rs)-, 

-C(R;)-, 

-C(R0-O-, 

-0-C(R6)-, 
-0-C(0)-0-, 

-NCR0-Q-, 
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•C(R6)-N(Rs)-, 

■0-C(R«)-N(R8)-, 

-C<TU)-N(OR 9 )-, 



N-Q 

J 




^10 



N-C(Rs)-N-W 



N — R 7 — N-W— 




, and 





N-C(Re)~N 

Y 1 is selected from the group consisting of: 
a bond, 
-C(O)-, 
-C(S)-, 
-S(0) 2 -, 
-S(0) 2 -N(R8)-, 




•C(0)-0-, 

.C(0)-N(R8)-, 

-C(S)-N(R8)-, 

-C(0)-N(R8)-S(0)2-, 

-C(0)-N(R8)-C(0)-, 

-C(S)-N(R8)-C(0)-, 
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_ C(O) — N 




-C(0)-C(0)-, 

-C(0)-C(0)-0-, and 
-C(=NH)-N(Rs)s 



5 



Z is a bond or -O-; 



Rc and R<j are independently selected from the group consisting of hydrogen, 
halogen, hydroxy, alkyl, alkenyl, aryl, haloalkyl, alkoxy, alkylthio, and -N(R 9 ) 2 ; or Rc and 
Rd can join to form a fused aryl ring or fused 5-10 membered heteroaryl ring containing 



one to four heteroatoms; 

10 R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be unsubstituted 

15 or substituted by one or more substituents independently selected from the group 

* 

consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, 
mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 

20 oxo; 



R 5 is selected from the group consisting of: 




R$ is selected from the group consisting of =0 and =S; 
R 7 is C2-7 alkylene; 

Rs is selected from the group consisting of hydrogen, Ci-io alkyl, C 2 -io alkenyl, 
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Rn is Ci^ alkylene or C 2 -6 alkenylene, wherein the alkylene or alkenylene is 
optionally interrupted by one heteroatom; 

R 12 is selected from the group consisting of a bond, C1-5 alkylene, and 
C2-5 alkenylene, wherein the alkylene or alkenylene is optionally interrupted by one 
heteroatom; 

R 13 is selected from the group consisting of hydrogen and alkyl which may be 
optionally interrupted by one or more -O- groups; 

A is selected from the group consisting of-CH 2 -, -O-, -C(O)-, -S(0)o- 2 -» and 

-N(R4>; 

A 1 is selected from the group consisting of -O, -S(0)o-2-, -N(-Q-R4>, and -CH 2 -; 
Q is selected from the group consisting of a bond, -C(Re)- 9 -C(R6)-C(R<0-, -S(0) 2 -, 
-C(R6)-N(R*)-W-, -S(0) 2 -N(R8>, -C(R6)-0-, and -C(R6>N(OR 9 )s 

V is selected from the group consisting of -C(R 6 )-, -O-CCR*)-, -N(Rs)-C(R6)-, and 

-S(0) 2 -; 

W is selected from the group consisting of a bond, -C(O)-, and -S(Q) 2 S and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
or a pharmaceutically acceptable salt thereof. 

In one aspect, the present invention provides compounds of the following Formula 

IV: 




(R)n 



IV 

wherein: 

X is Ci-10 alkylene or C 2 -io alkenylene; 

R 2 and R" are independently selected from the group consisting of: 
hydrogen, 
alkyl, 
alkenyl, 
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aryl, 

arylalkylenyl, 

heteroaryl, 
heteroarylalkylenyl, 

heterocyclyl, 

heterocyclylalkylenyl, and 

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, 
heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents selected 

from the group consisting of: 

hydroxy, 

alkyl, 

haloalkyl, 

hydroxyalkyl, 

alkoxy, 

dialkylamino, 

-S(O) 0 -2-alkyl, 

-S(O) 0 -2-aryl, 

-NH-S(0) 2 -alkyl, 

-NH-S(0) 2 -aryl, 

haloalkoxy, 

halogen, 

cyano, 

nitro, 

aryl, 

heteroaryl, 

heterocyclyl, 

aryloxy, 

arylalkyleneoxy; 
-C(0)-0-alkyl, 

-C(0)-N(Rg)2, 
-N(R8)-C(0)-alkyl, 
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15 



-0-(CO)-alkyl, and 
-C(0)-alkyl; 

or R 2 and R" can join together to form a ring system selected from the group 
consisting of: 

A' 

111 wherein the total number of atoms in the ring is 4 to 9, and 




V, 



12 d wherein the total number of atoms m the nng is 4 to 9; 

A f is selected from the group consisting of -O-, -S(O) 0 -2-, -N(-Q-R4>, and -CH 2 -; 
Q is selected from the group consisting of a bond, -C(R6>-, -C(R6)-C(R$)-, -S(0) 2 -, 
-C(R6>N(R8)-W-, -S(0) 2 -N(R 8 )-, -C(R 6 )-0-, and -C(R6)-N(OR 9 )s 
10 W is selected from the group consisting of a bond, -C(O)-, and -S(0) 2 -; 

Rc and Rd are independently selected from the group consisting of hydrogen, 
halogen, hydroxy, alkyl, alkenyl, aryl, haloalkyl, alkoxy, alkylthio, and -N(R 9 ) 2 ; or Rc and 
R<j can join to form a fused aryl ring or fused 5-10 membered heteroaryl ring containing 

one to four heteroatoms; 

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be unsubstituted 
20 or substituted by one or more substituents independently selected from the group 

consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, 
mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 

25 oxo; 

R* is selected from the group consisting of =0 and =S; 

Rs is selected from the group consisting of hydrogen, Cmo alkyl, C 2 -i 0 alkenyl, 



32 



WO 2005/048933 



PCTAJS2004/037854 



Ci-io alkoxy-Cuio alkylenyl, and aryl-C M0 alkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; 

R„ is Ci-6 alkylene or C 2 -6 alkenylene, wherein the alkylene or alkenylene is 
optionally interrupted by one heteroatom; 

R12 is selected from the group consisting of a bond, C1-5 alkylene, and 
C2.5 alkenylene, wherein the alkylene or alkenylene is optionally interrupted by one 

heteroatom; 

R is selected from the group consisting of: 

halogen, 

hydroxy, 

alkyl, . 

alkenyl, 

haloalkyl, 

alkoxy, 

alkylthio, and 

-N(R 9 ) 2 ; 

n is an integer from 0 to 4; and 
R 1 is hydrogen or a non-interfering substituent; 
or a pharmaceutically acceptable salt thereof. 

In one aspect, the present invention provides compounds of the following Formula 

IVa: 



N 

c 

(R)n 



NH 2 




n 


X -0-N 

> 


R 2 


IVa 





wherein: 

X is Cmo alkylene or C2-10 alkenylene; 
R is selected from the group consisting of: 
halogen, 

33 



WO 2005/048933 



PCT/US2004/037854 



hydroxy, 

alkyl, 

alkenyl, 

haloalkyl, 

alkoxy, 

alkylthio, and 

-N(R 9 ) 2 ; 

■ 

n is an integer from 0 to 4; 

R.! is selected from the group consisting of: 

-R4, 

-X'-R4, 

-X'-Y-R4, 

-X-Y-X-Y-R4, 

-X'-Rs, 

-X'-O-NRia-Y'-Rib, and 

-X'-0-N=C(Ri')(Ri"); 
R 2 , R", Ria, Rib, Ri'» Ri" are independently selected from the group consisting 

>f: 

hydrogen, 

alkyl, 

alkenyl, 

aryl, 

arylalkylenyl, 

heteroaryl, 

heteroarylalkylenyl, 

heterocyclyl, 

heterocyclylalkylenyl, and 

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, 
heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents selected 

from the group consisting of: 

hydroxy, 
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alkyl, 

haloalkyl, 

hydroxyalkyl, 

alkoxy, 

amino, 

dialkylamino, 

-S(O) 0 -2-alkyl, 

-S(0)o-2-aryl, 

-NH-S(0) 2 -alkyl, 

-NH-S(0) 2 -aryl, 

haloalkoxy, 

halogen, 

cyano, 

nitro, 

♦ 

aryl, 

heteroaryl, 

heterocyclyl, 

aryloxy, 

arylalkyleneoxy, 
-C(0)-0-alkyl, 

-C(0)-N(Rs) 2 , 
-N(R8)-C(0)-alkyl, 

-0-(CO)-alkyl, and 

-C(0)-alkyl; 

or R 2 and R" and/or R,' and Ri" can join together to form a ring system selected 
from the group consisting of: 
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A* 



1 1 wherein the total number of atoms in the nng is 4 to 9, and 



/ R 11-N/R 

R 12 ^ wherein the total number of atoms in the nng is 4 to 9; 
or Ri a and R lb together with the nitrogen atom and Y' to which they are bonded can 
join to form a ring selected from the group consisting of: 
-N— C(Re) — N— S(0) 2 

^ „ v . 

K 7 and 7 ; 

X' is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated by arylene, heteroarylene or 
heterocyclylene and optionally interrupted by one or more -O- groups; 

X" is selected from the group consisting of -CH(Ri 3 )-alkylene- and 
_CH(R 13 )-alkenylene-, wherein the alkylene and alkenylene are optionally interrupted by 

one or more -O- groups; 

Y is selected from the group consisting of: 

-S(0)o- 2 -, 
-S(0)2-N(Rs)-, 

-C(Re)-, 
-C(R6>0-, 

-O-CCRe)-, 
-0-C(0)-0-, 

-N(R8)-Q-, 

-C(R6)-N(R8)-, 

-0-C(R6)-N(R8)-, 

-C(R6)-N(OR 9 )-, 
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— N-C(Re)-N-W- 
— N — R 7 — N-Q— 



—V-N 




10 



, and 





p J VR io 

Y' is selected from the group consisting of: 
a bond, 
-C(O)-, 
-C(S)-, 
-S(0) 2 -, 
-S(0) 2 -N(R«)-, 




-S(0) 2 -N 



-C(0)-0-, 

-C(0)-N(Rs)-, 

-C(S)-N(Rs)-, 

-C(0)-N(R«)-S(0) 2 -, 

-C(0)-N(R8)-C(0)-, 

-C(S)-N(R8)-C(0)-, 




■C(0)-C(0)-, 
•C(0)-C(0)-0-, and 
-C(=NH)-N(Rs)-; 
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R. and Rd are independently selected from the group consisting of hydrogen, 
halogen, hydroxy, alkyl, alkenyl, aryl, haloalkyl, alkoxy, alkylthio, and -N(R 9 ) 2 ; or R* and 
R4 can join to form a rased aryl ring or fused 5-10 membered heteroaryl ring containing 

one to four heteroatoms; 

R, is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be unsubstituted 
or substituted by one or more substituents independently selected from the group 
consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, 
mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 

oxo; 

R 5 is selected from the group consisting of: 

C(R , - r s<o>, - V -( <CH2> '\ -f) r^CD 

^r/ R 7 ^ R io ; 

is selected from the group consisting of =0 and =S; 
R 7 is C 2 -7 alkylene; 

Rg is selected from the group consisting of hydrogen, Ci- 10 alkyl, C 2 .io alkenyl, 
Ci-io alkoxy-Ci-io alkylenyl, and aryl-Ci-io alkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; 

Rio is C 3 -s alkylene; 

Rn is C1-6 alkylene or C 2 -6 alkenylene, wherein the alkylene or alkenylene is 

optionally interrupted by one heteroatom; 

R 12 is selected from the group consisting of a bond, C1-5 alkylene, and 
C2.5 alkenylene, wherein the alkylene or alkenylene is optionally interrupted by one 
heteroatom; 
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R 13 is selected from the group consisting of hydrogen and alkyl which may be 
optionally interrupted by one or more -O- groups; 

A is selected from the group consisting of -CH2-, -O-, -C(O)-, -S(0)o- 2 -, and 

-N(R»)s 

A' is selected from the group consisting of -0-, -S(O) 0 - 2 -, -N(-Q-R4>-, and -CH 2 -; 
Q is selected from the group consisting of a bond, -C(R$)-, -C(R<;)-C(R<5)-, -S(0) 2 -, 
-C(R6)-N(R8)-W-, -S(0) 2 -N(Rs)-, -C(Rs)-0-, and -C(R6)-N(OR 9 )s 

V is selected from the group consisting of -CCRe)-, -0-C(R<;)-, -N(R«)-C(R6)-, and 

-S(0) 2 -; 

W is selected from the group consisting of a bond, -C(0)-, and -S(0) 2 -; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
or a pharmaceutically acceptable salt thereof. 

In one aspect, the present invention provides compounds of the following Foimula 

IVa: 




IVa 

wherein: 

X is Ci-10 alkylene or C 2 -\o alkenylene; 
R is selected from the group consisting of: 

halogen, 

hydroxy, 

1 

alkyl, 
alkenyl, 
haloalkyl, 
alkoxy, 
alkylthio, and 
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-N(R 9 )2; 

n is an integer from 0 to 4; 

Rj is selected from the group consisting of: 

-R», 

-X'-R4, 

OC-Y-R4, 

-X'-Y-X'-Y-R,, 

-X'-R 5 , 

-X"-0-NH-Y'-Ri', and 

-X"-0-N=C(Ri')(Ri"); 
R 2 , R", Ri', and Ri" are independently selected from the group consisting of: 

hydrogen, 
alkyl, 
alkenyl, 
aryl, 

arylalkylenyl, 

heteroaryl, 
heteroarylalkylenyl, 

heterocyclyl, 

heterocyclylalkylenyl, and 

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, 
heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents selected 

from the group consisting of: 

hydroxy, 

alkyl, 

haloalkyl, 

hydroxyalkyl, 

alkoxy, 
dlalkylamino, 

-S(0)o-2-alkyl, 

-S(O) 0 -2-aryl, 
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-NH-S(0) 2 -alkyl, 

-NH-S(0) 2 -axyl, 

haloalkoxy, 

halogen, 

cyano, 

nitro, 

aryl, 

heteroaryl, 

heterocyclyl, 

aryloxy, 

arylalkyleneoxy, 
-C(0)-0-alkyl, 

-C(0)-N(R8) 2 , 
-N(R8)-C(0)-alkyl, 

-0-(CO)-alkyl, and 

-C(0)-alkyl; 

or R 2 and R" and/or Rt' and Ri" can join together to form a ring system selected 
from the group consisting of: 

A* 

• R 1 1 ' wherein the total number of atoms in the ring is 4 to 9, and 

^" R 12 wherein the total number of atoms in the ring is 4 to 9; 

X' is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated by arylene, heteroarylene 
heterocyclylene and optionally interrupted by one or more -O- groups; 
X" is -CH(Ri 3 )-alkylene- or -CH(Ri 3 )-alkenylenes 
Y is selected from the group consisting of: 
-S(O) 0 -2-, 
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-S(0) 2 -N(R«)-, 

-C(R6)-0-, 

-0-C(R6)-, 
-0-C(0)-0-, 

-N(R8)-Q-» 
-C(R6)-N(R«)-, 

-0-C(R6)-N(Rs)-, 

-C(R6)-N(OR 9 )-, 



N-Q— 




R 



10 



N-C(R6)-N-W 



N — R — N-W- 



—V-N 

Vr 




10 



, and 





N-C(Re)-N 

R / 

k io ; 
Y' is selected from the group consisting of: 
a bond, 
-C(0)-, 
-C(S)-, 

-S(0) 2 -, 
-S(0) 2 -N(R«)-, 




-S(0) 2 -N 

K 10 



-C(0)-0-, 
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-C(0)-N(R«>, 

-C(S)-N(R«)-, 
-C(0)-N(R8)-S(0) 2 -, 
-C(0)-N(R8)-C(0)-, 
-C(S)-N(Rs)-C(0)-, 



— C(O) — N 




-C(0)-C(0)-, 
-C(0)-C(0)-0-, and 
-C(=NH)-N(R8)-; 

Rc and Rd are independently selected from the group consisting of hydrogen, 
halogen, hydroxy, -nyl, halo*!, a*oxy, Wj*. and J*-^ 
R, can join to form a fused aryl ring or fused 5-10 membered heteroaryl nng contammg 

one to four heteroatoms; 

is se.ec.ed tan ft. gn>up constating of hydrogen, ** aKenyl, *-A -* 

a^lenyl, aryloxyafcylenyl, 

^yiol », aUtylheteroarylenyl, and he.erocyc.yl wherein the *A aKeny., 
ZyTary^eny,, aryloxyaKylenyl, afcy.ary.eay, * « W 

S^U* a*y,he.eroary,eny, and he^cydy, groups can be — — 
or subsumed by one or more S «bsn W en.s independenUy «- 
ensisung of alkyl, alxoxy, hydroxy^, ba.oa.xyl, haloafcoxy, halogen, ndro, hydroxy, 
mercap.0, eyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, he.erocyc.yl, amino, alkylamino, diafcylamnro, 

oxo; 

R S is selected from the group consisting of: 

/"•(CH 2 ) a -^ 

/•(CH 2 ) a ^ _/n - C(Re) - N A 

_ N — s(o) 2 _ v-tQ a T ; \ 



-N-C(Re) -N- -V-N A \ J \(CH 2 ) 

C ^ ^R/ ^ VcHaJb^ p and 



b 

10 



R^ is selected from the group consisting of -O and -S; 
R 7 is C2-7 alkylene; 

43 



WO 2005/048933 



PCT/US2004/037854 



Rs is selected from the group consisting of hydrogen, C w0 alkyl, C2-10 alkenyl, 
Ci-10 alkoxy-Cio alkylenyl, and aryl-C M0 alkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; 

R 10 is C3-8 alkylene; 

R„ is Cm alkylene or Cm alkenylene, wherein the alkylene or alkenylene is 

optionally interrupted by one heteroatom; 

R 12 is selected from the group consisting of a bond, C1-5 alkylene, and 
C 2 . 5 alkenylene, wherein the alkylene or alkenylene is optionally interrupted by one 
heteroatom; 

R 13 is selected from the group consisting of hydrogen and alkyl which may be 
optionally interrupted by one or more -O- groups; 

A is selected from the group consisting of -CH 2 -, -O-, -C(O)-, -S(0)o- 2 -, and 

-N(R4)-; 

A' is selected from the group consisting of -0-, -S(O) 0 - 2 -, -N(-Q-R4>, and -CH 2 -; 
Q is selected from the group consisting of a bond, -C(Rs)-, -C(R5)-C(Rs)-, -S(0) 2 -, 
-C(R5)-N(Rs)-W-, -S(0) 2 -N(R8)-, -C(R 6 )-0-, and -C(R6)-N(OR 9 )s 

V is selected from the group consisting of -C(R6>, -0-C(Re)-, -NCRsKXR*)-, and 

-S(0) 2 -; 

W is selected from the group consisting of a bond, -C(0)-, and -S(0) 2 -; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
pharmaceutical^ acceptable salt thereof. 



or a 



In one aspect, the present invention provides compounds of the following Formula 



V: 




wherein: 

X is Ci-10 alkylene or C 2 -io alkenylene; 
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R is selected from the group consisting of: 
halogen, 
hydroxy, 
alkyl, 

5 alkenyl, 

haloalkyl, 
alkoxy, 
alkylthio, and 

-N(R9)2i 

10 is selected from the group consisting of: 

-R4, 

-X'-Ra, 

-X-Y-Ra, 

-X-Y-X-Y-Ra, 

j 5 -X'-R5> 

-X'-O-NRia-Y'-Rib, and 

fc Ria. *> W. - - independent* se.ec.ed .on, *e ^ — - 

of: 

20 hydrogen, 

alkyl, 
alkenyl, 
aryl, 

arylalkylenyl, 

heteroaryl, 
heteroarylalkylenyl, 

heterocyclyl, 

heterocyclylalkylenyl, and 

M «*. arylaW 1— * ^roarylalkylenyi, 

from the group consisting of: 



25 



30 



45 



WO 2005/048933 



PCTAJS2004/037854 



hydroxy, 

alkyl, 

haloalkyl, 

hydroxyalkyl, 

alkoxy, 
amino, 

dialkylamino, 

-S(O) 0 -2-alkyl ? 

-S(O) 0 -2-aryl, 

-NH-S(0) 2 -a3kyl, 

-NH-S(0) 2 -aryl, 

haloalkoxy, 

halogen, 

cyano, 

nitro, 

aryl, 

heteroaryl, 

heterocyclyl, 

aryloxy, 

arylalkyleneoxy, 
-C(0)-0-alkyl, 

-C(0)-N(Rs)2, 
-N(R8)-C(0)-alkyl, 

-0-(CO)-alkyl, and 

-C(0)-alkyl; 

or R 2 and V and/or Ri' and R,» can join togemer to form a ring system selected 
from the group consisting of: 
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1 A' 



^ R ^ wherein the total number of atoms in the ring is 4 to 9, and 



R 12 Rd wherein the total number of atoms in the ring is 4 to 9; 
or Ru and Rib together with the nitrogen atom and Y* to which they are bonded can 
join to form a ring selected from the group consisting of: 
-N-C(Re) -N-S(0) 2 

(. J 
R 7 and 7 

R 3 is selected from the group consisting of: 

-Z-R4, 
-Z-X-R4, 
-Z-X'-Y-Rt, 
-Z-X-Y-X'-Y-Rj, and 

-Z-X'-R 5 ; 

p is an integer from 0 to 3; 

m is 0 or 1, with the proviso that when m is 1, p is 0 or 1; 
X is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated by arylene, heteroarylene oi 
heterocyclylene and optionally interrupted by one or more -O- groups; 

X" is selected from the group consisting of -CH(R 13 )-alkylene- and 
-CH(R 13 )-alkenylene-, wherein the alkylene and alkenylene are optionally interrupted by 

one or more -O- groups; 

Y is selected from the group consisting of: 

-S(O) 0 -2-, 
-S(0) 2 -N(Rs)-, 

-C(R6>-, 
-C(R6)-0-, . 

-0-C(Ri)-, 
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-0-C(0)-0-, 

-N(R*)-Q-, 
-C(R6)-N(R8)-, 
-0-C(R*)-N(R8)-, ' 
-C(R*)-N(OR 9 )-, 

/LN-Q— 



— N-C(R,)-N-W- 



Y' is selected from the group consisting 



-C(0)-, 
-C(S)-, 
-S(0) 2 -, 
-S(0)2-N(Rs)-, 



-S(0) 2 -N / 

N — K 10 

-C(0)-0-, 
-C(0)-N(R8)-, 

-C(S)-N(R8)-, 
-C(0)-N(R8)-S(0)2-, 
-C(0)-N(Rs)-C(0)-, 







a bond, 
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-C(S)-N(R8)-C(0)- 




— C(O) — N 

-C(0)-C(0)-, 
-C(0)-C(0)-0-, and 

-C(=NH)-N(R8)S 
Z is a bond or -O-; 

R, and R, are independently selected from the group existing of hydrogen, 
halogen, hydroxy, alkyl, alkenyl, aryl, haioalkyi, alkoxy, alkylthio, and -N<R, te or B. arm 
R4 can join to form a fused aryl ring or fused 5-10 member* heteroaryl ring contanung 

one to four heteroatoms; 

R, is selected ftom the gronp consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, aikenyl, 
alkynyl, aryl, aryla.kylenyl, aryloxyafkylenyl, alkylary.enyl, heteroaryl, heteroarylalky^ 
heteroaryloxyalkylenyl, alkyBteteroaryleny!, and heterocycly! gronps can he unsnhsntuted 
or substituted by one or more substrtuents independently selected from me group 
consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloaBcoxy, halogen, nitro, hydroxy, 
mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylammo, 
(dialkylaminOalkyleneoxy, and in me case of alkyl, alkenyl, alkynyl, and heterocyclyl, 

OXO; 

R 5 is selected from the group consisting of: 

^ /--(CH 2 ) a -v 

^-(CH 2 ) a ^ JLti-CiRJ-ti A 



-N- C(R.) -N- S(0) 2 -V-N A X > W S 

C R y R7 HCHA-^.and R '° 

Re is selected from the group consisting of =0 and =S; 
R 7 is C2-7 alkylene; 

R, is selected from the group consisting of hydrogen, Cmo alkyl, C 2 . 10 alkenyl, 
C, 10 alkoxy-Ci.io alkylenyl, and aryl-Ci-io alkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; 
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R.o is C 3 . 8 alkylene; * e aiVvlene or alkenylene is 

Rl , is C, 6 alkylene or Cm alkenylene, whereui the alkylene 

optionally interrupted by one heteroatom; 

iU ™™,stine of a bond, C1-5 alkylene, ana 

is,. ; s selected from the group consisting 01 a 

C, 5 «e, wherein * - M- - - — " * — ' ^ 0M 



15 



20 



heteroatom; 



Tis — *» - — «— * of hydrogen " d wWch may * s 

opaonaUyintrfbyoneormore-O- W s(0V2 . >and 
A is selected ton the group consisting of -CHr. 



10 -N(R4>; 



I, „ seteeteo from the gtoup consist of -O-, ^ 
Qissdec.e4froni.he group consisting of a bond, -C(Rs)-, -C^-CCRs)-, *Pk . 

WWW. -s ( o>W, -c WO;. - W«K - 

V is selected from the group consisting of -C(R6> . U 

" S(0)2 " W is se.ec.ed from - g,oup consisting of a bond, -C(0>, and ^ £ 
a and b are independently integers ftotn 1 » 6 wi* the provrao tha, a - 7, 



or ap 



harmaceutically acceptable salt thereof. 



VI: 



^A2 ^2 



VI 



25 wherein: 

X is Ci io alkylene or C2-10 alkenylene; 

RM and Ra, are each independent aelected 60m the group consisting of: 



hydrogen, 
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halogen, 
alkyl, 
alkenyl, 
alkoxy, 
alkylthio, and 

-N(R 9 )2; 

Ri is selected from the group consisting of: 

-R4, 
-X-R4, 
-X-Y-R4, 
-X-Y-X-Y-R4, 

-X-R 5 , 

-X'-0-NRia-Y*-Rib, and 

-x'-o-N^CRi-XRi"); 

R 2 , R", Ria, Rib, m\ and Ri" are independently selected from the group consisting 



of: 



hydrogen, 
alkyl, 
alkenyl, 
aryl, 

arylalkylenyl, 

heteroaryl, 

heteroarylalkylenyl, 

heterocyclyl, 

heterocyclylalkylenyl, and 

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, 
heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substiruents selected 

from the group consisting of: 

hydroxy, 

alkyl, 
haloalkyl, 
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hydroxyalkyl, 

alkoxy, 
amino, 

dialkylamino, 

-S(O) 0 -2-alkyl, 

-S(O) 0 -2-aryl, 

-NH-S(0) 2 -alkyl, 

-NH-S(0) 2 -aryl, 

haloalkoxy, 

halogen, 

cyano, 

nitiro, 

aryl, 

heteroaryl, 

heterocyclyl, 

aryloxy, 

arylalkyleneoxy, 

-C(0)-0-alkyl, 

-C(0)-N(R8)2, 
-N(R8)-C(0)-alkyl, 

-0-(CO)-alkyl, and 

-C(0)-alkyl; 

or R 2 and R" and/or Ri' and Rl » can join together to form a ring system selected 
from the group consisting of: 

A' 

R 1 1 ' wherein the total number of atoms in the ring is 4 to 9, and 




R12 ** wherein the total number of atoms in the ring is 4 to 9; 
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or R l8 and R lb together with the nitrogen atom and Y to which they are bonded can 
join to form a ring selected from the group consisting of: 
— N — C(Re) -N- S(0) 2 

W and R? ; 

X' is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated by arylene, heteroarylene or 
heterocyclylene and optionally interrupted by one or more -O- groups; 

X" is selected from the group consisting of -CH(Ri 3 )-alkylene- and 
-CH(R 13 )-alkenylene-, wherein the alkylene and alkenylene are optionally interrupted by 

one or more -O- groups; 

Y is selected from the group consisting of: 

-S(O) 0 -2-, 
-S(0)2-N(R8)-, 

-CCRe)-, 
-C(Re)-0-, 

-0-C(R6)-, 
-0-C(0)-0-, 

-N(Rs)-Q-, 

-C(R6)-N(R«)-, 

-0-C(R6)-N(R«)-, 

-C(R6)-N(OR 9 )-, 




N-C(R 6 )-N"W 



N — R 7 — N-Q— 



53 



WO 2005/048933 



PCTAJS2004/037854 



— V-N 



10 



15 



20 



^ R io and 




N-C(R6)-I}> 

^ D 

10 




- is selected from the group consisting of: 
a bond, 
-C(0)-, 
-C(S)-, 

-S(0) 2 -, 
-S(0) 2 -N(R8>, 



- S(0) 2 — N 




'10 



-C(0)-0-, 

-C(0)-N(Rs)-, 

-C(S)-N(R8)-, 
-C(0)-N(R8>S(0) 2 -, 

-C(0)-N(R8)-C(0)-, 

-C(S)-N(Rs)-C(0)-, 



— C(O) — N 




M0 



-C(0)-C(0)-, 
-C(0)-C(0)-0-, and 

-C(=NH)-N(R 8 )-; ^ A 

independent selected .on, the groop oonsisnng o« 
. , „ »Hcvl alkenyl aryl, haloalkyl, atoxy, alkylttuo, and -N<R,)2, or R. and 

one to four heteroatoms; 
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• ^ «f hvdroeen, alkyl, alkenyl, alkynyl, aryl, 
R. is selected from the group consisting of hydrogen, . 

heteroaryloxyalkylenyl, alKytnerer y heteroil rvl heteroaryWkytaiyl, 

„ , „™l arvlalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, nro J 
alkynyl, aiyl, arylalkyleny ury 1mH _ x!W M groups can be unsubstituted 

hataroa.yloxyalkylenyl, alkymeteroarylenyl, and heterocyclyl gr p 
or substituted by one or more subsrituents independently ******* ^ 
^ of arkoxy, hydaoxyatky, — ^ ^ 

mm ap to ey™o^l,^oxy,«^.^>^ 10W . 

h e^rarkyreneoxy, - * heteocydyl , 

(dia)kylammo)alkyleneoxy, and in the case of alkyl, alkenyl, alkyny 

oxo; 

R 5 is selected from the group consisting of: 
-N-C(Re) -N-S(0) 2 -V-A A \ J . W-^ 

C R y W X (CH 2 ) b -^ f ^ Rl ° 

R, is selected from the group consisting of =0 and -S; 
R 7 is C 2 . 7 alkylene; 

R8 is selected from me group consisting of hydrogen, C«o alkyl, C,io alkenyl, 
Cl 10 alkoxy-C^o alkylenyl, and aryl-C„o alkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; 

R^a^ 
optionally interrupted by one heteroatom; 

pi is se.ected from «. group consisting of a bond, C,. 5 alkylene, and 

C , s xylene, wherein the alkylene or arkenylene is optionally interrupted by one 

""s — *om rhe group — g of hydrogen and aUry, which maybe 
^onaUymrfbyoneormore-O-^oups; (0V2 , md 
A is selected torn the group consistmg of -CH2-, O , WVJ 

-N(R4>; .„ -Nf-OM-, and -CH>; 

a, is ^eoted from the group consraung of -0-, -S(0>» , N( y *4, , 
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Q is selected from the group consisting of a bond, -C(R«)-, -C(R«)-C(R<>)-, -S{Oh-, 
-CM-NCRs)^-, -S(0) 2 -N(Rs)-, -C(R6)-0-, and -C(R5)-N(OR 9 )s 

V is selected from the group consisting of -C(R,)-, -0-C(R*)-, and 

-S(0) 2 S 

W is selected from the group consisting of a bond, -C(0)-, and -S(0) 2 -; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
or a pharmaceutically acceptable salt thereof. 

In one aspect, the present invention provides compounds of the following Formula 

VH: 




R A3 R 1 



vn 



or 



wherein: 

X is Ci-io alkylene or C2-10 alkenylene; 

R A3 and R B3 , when taken together, form a fused aryl ring or heteroaryl ring 
containing one heteroatom selected from the group consisting of N and S, wherein the aryl 

heteroaryl ring is unsubstituted or substituted by one or more R groups, or substituted 
by one R 3 group, or substituted by one R 3 group and one R group; 

or when taken together, Rab and R B3 form a fused 5 to 7 membered saturated 
ring, optionally containing one heteroatom selected from the group consisting of N and S, 
and unsubstituted or substituted by one or more R groups; 
R is selected from the group consisting of: 
halogen, 
hydroxy, 
alkyl, 
alkenyl, 
haloalkyl, 
alkoxy, 
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alkylthio, and 
-N(R 9 )2; 

R T is selected from the group consisting of: 
-R4, 

-x'-m, 

-X-Y-Ru 
-X-Y-X-Y-Ru 

-X-R5, 

-X'-O-NRia-Y'-Rib, and 

-X'-o-n-ccrOCRi'*); 

Rlaj Rlb> Rl ., and Ri" are independently selected from the group consisting of: 

hydrogen, 

alkyl, 

alkenyl, 

aryl, 

arylalkylenyl, 

heteroaryl, 
heteroarylalkylenyl, 

heterocyclyl, 

heterocyclylalkylenyl, and 

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, 
heterocyclyl, or heterocyclylalkylenyl, suhstituted hy one or more substituents selected 

from the group consisting of: 

hydroxy, 

alkyl, 

haloalkyl, 

hydroxyalkyl, 

alkoxy, 
amino, 

dialkylamino, 
-S(O) 0 -2-alkyl, 
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-S(0)o- 2 -aryl, 
-NH-S(0) 2 -alkyl, 
-NH-S(0) 2 -aryl, 
haloalkoxy, 

halogen, 

cyano, 

nitro, 

aryl, 

heteroaryl, 

heterocyclyl, 

aryloxy, 

arylalkyleneoxy, 
-C(0)-0-alkyl, 

-C(0)-N(R 8 )2, 
-N(R8>C(0)-alkyl, 

-0-(CO)-alkyl, and 

-C(0)-alkyl; 

or *■ and *■ can join together to form a ring system selected from the group 
consisting of: 

1 A' 

R " ' wherein the total number of atoms in the ring is 4 to 9, and 




R 12 Rd wherein the total number of atoms in the ring is 4 to 9; 
or Ba and R lb together with the nitrogen atom and Y' to which they are bonded can 
join to form a ring selected from the group consisting of: 
-N-COV) -N-S(0) 2 

( ; r 

R7 and 7 i 

R 3 is selected from the group consisting of: 

■ 

-Z-R4, 
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-Z-X'-R4, 
-Z-X-Y-R4, 
-Z-X'-Y-X'-Y-R*. and 

-Z-X'-Rs; 



alkynylen< 



arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated by arylene, heteroarylene o, 
heterocyclylene and optionally interrupted by one or more -O- groups; 

X" is selected from the group consisting of -CH(R 13 )-alkylene- and 
-CH(R 13 )-alkenylene-, wherein the alkylene and alkenylene are optionally interrupted by 

one or more -O- groups; 

Y is selected from the group consisting of: 

-S(O) 0 -2-, 
-S(0)2-N(Rs)-, 

-C(R6)-, 
-C(Re)-0-, 

-O-CCRs)-, 
-0-C(0)-0-, 

-N(R8)-Q-> 
-C(R6)-N(R 8 )-, 
-0-C(R6)-N(R8)-, 
-C(Rs)-N(OR 9 )-, 




— N-C(Re)-N-W- 
— N — R 7 — N-Q— 




•V-N 

R « , and 
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15 



20 



25 




N-c(Fg-N 

10 ; 
V is selected from the group consisting of: 
a bond, 
-C(0>, 
-C(S)-, 

-S(0) 2 -, 
-S(0) 2 -N(Rs)-, 



— S(0) 2 — N 



-C(0)-0-, 
10 -C(0)-N(Rs)-, 




-C(S)-N(R8)-, 
-C(0)-N(R 8 )-S(0) 2 -, 
-C(0)-N(R8)-C(0)-, 
-C(S)-N(R8)-C(0)-, 



_ c(O) — N 




-C(0)-C(0)-, 
-C(0)-C(0)-0-, and 

-C(=NH)-N(R8)-; 

Z is a bond or -O-; 

Rc and Rj are independently selected torn the gronp consisting of hydrogen, 
halogen hydroxy, alkyl, alkenyl, aryl, haloaKyl, aJkoxy, alkylflno, and -N(R,to or Rc and 
r, can join to form a toed aryl ring or fosed 5-10 member^ heteroaryl ring eontannng 

one to four heteroatoms; 

R, is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
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alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, neteroaryiaiicyienyi, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be unsubstituted 
or substituted by one or more substituents independently selected from the group 
consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, 
mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 

oxo; 

R 5 is selected from the group consisting of: 

-rr t s / o>2 - v i } v R j Vh 2 >^ a 

^R/ R7 X (CH 2 ) b -^ and «io ; 

' , 9 > 

Re is selected from the group consisting of =0 and =S; 
R 7 is C 2 _ 7 alkylene; 

Rs is selected from the group consisting of hydrogen, d-io alkyl, C 2 -io alkenyl, 
C M o alkoxy-Ci.io alkylenyl, and aryl-Ci-io alkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; 
R 10 is C 3 -8 alkylene; 

R n is Ci. 6 alkylene or C 2 . 6 alkenylene, wherein the alkylene or alkenylene is 
optionally interrupted by one heteroatom; 

R 12 is selected from the group consisting of a bond, C1-5 alkylene, and 
C 2 - 5 alkenylene, wherein the alkylene or alkenylene is optionally interrupted by one 
heteroatom; 

R 13 is selected from the group consisting of hydrogen and alkyl which may be 
optionally interrupted by one or more -O- groups; 

A is selected from the group consisting of -CH 2 -, -O, -C(O)-, -S(O) 0 - 2 -, and 

-N(R4)S 

A' is selected from the group consisting of-O-, -S(O) 0 - 2 -> -NO-Q-R4)-, and -CH 2 -; 
Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-, -S(0) 2 -, 
-C(R6)-N(R8>W-, -S(0) 2 -N(Rs)-, -C(R6)-0-, and -C(R6)-N(OR 9 )-; 

V is selected from the group consisting of -C(R<0-, -O-CCR*)-, -N(Rg)-C(R6)-, and 
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-s(OV; 

W is selected from the group consisting of a bond, -C(O)-, and -S(0>2-; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
or a pharmaceutically acceptable salt thereof. 

hi one aspect, the present invention provides compounds of the following Formula 

Vila: 




(R)n 

Vila 

wherein: 

X is Ci-io alkylene or C 2 -io alkenylene; 
R is selected from the group consisting of: 

halogen, 

hydroxy, 

alkyl, 

alkenyl, 

haloalkyl, 

alkoxy, v 

alkylthio, and 

-N(R 9 ) 2 ; 

Ri is selected from the group consisting of: 

-R4, 

-X-R4, 

-X*-Y-R4, 

-X'-Y-X'-Y-Rt, 

-X-R 5 , 

-X'-O-NH-Y'-Ri*, and 
-X'-O-N^CRiOCRi"); 
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Ri 1 and Ri" are independently selected from the group consisting of: 
hydrogen, 
alkyl, 
alkenyl, 
aryl, 

arylalkylenyl, 
heteroaryl, 
heteroarylalkylenyl, 
heterocyclyl, 

heterocyclylalkylenyl, and 

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, 
heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents selected 
from the group consisting of: 

hydroxy, 

alkyl, 

haloalkyl, 

hydroxyalkyl, 

alkoxy, 

dialkylamino, 

-S(O) 0 -2-alkyl, 

-S(O) 0 -2-aryl, 

-NH-S(0) 2 -alkyl, 

-NH-S(0) 2 -aryl, 

haloalkoxy, 

halogen, 

cyano, 

nitro, 

aryl, 

heteroaryl, 

heterocyclyl, 

aryloxy, 
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arylalkyleneoxy, 
-C(0)-0-alkyl, 

-C(0)-N(R8) 2 , 
-N(R8)-C(0)-alkyl, 

-0-(CO)-alkyl, and 

-C(0)-alkyl; 

or Ri' and R," can join together to form a ring system selected from the group 
consisting of: 

R 11^ 
A' 

R 1 1 ' wherein the total number of atoms in the ring is 4 to 9, and 

^" R 12 Rd wherein the total number of atoms in the ring is 4 to 9; 
n is an integer from 0 to 4; 

X' is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated by arylene, heteroarylene 
heterocyclylene and optionally interrupted by one or more -O- groups; 
X" is -CH(Ri 3 )-alkylene- or -CH(Ri 3 )-alkenylene-; 
Y is selected from the group consisting of: 

-S(O) 0 -2-, 
-S(0) 2 -N(R8)-, 

-C(R6>, 
-C(R6)-0-, 

-0-C(R6)-, 
-0-C(0)-0-, 

-N(Rg)-Q-, 
-C(R6)-N(R«)-, 
-0-C(R6)-N(R8)-, 

-C(R6)-N(OR 9 )-, 
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N-Q — 

J 



'10 



-N-C(Re)-N-W- 
— N— R 7 -N"W- 



10 



15 



20 



— V-N 




V 



'10 



, and 




N-C(Re)-N 
J Vr 




10 



10 



Y' is selected from the group consisting of: 
a bond, 
-C(O)-, 
-C(S)-, 

-S(0) 2 -, 
-S(0) 2 -N(R8)-, 




— S(0) 2 — N 



-C(0)-0-, 

-C(0)-N(R8)-, 

-C(S)-N(R8)-, 

-C(0)-N(R8)-S(0)2-, 

-C(0)-N(R8)-C(0)-, 

-C(S)-N(Rs)-C(0)-, 



— C(O) — N 




-C(0)-C(0)-, 
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-C(0)-C(0)-0-, and 
-C(=NH)-N(R8)-; 

and R<i are independently selected from the group consisting of hydrogen, 
halogen, hydroxy, alkyl, alkenyl, aryl, haloalkyl, alkoxy, alkylthio, and -N(R 9 )2; or and 
can join to form a fused aryl ring or fused 5-10 membered heteroaryl ring containing 

one to four heteroatoms; 

R4 is selected from the group consistingof hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be unsubstituted 
or substituted by one or more substituents independently selected from the group 
consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, 
mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heterparyloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, allcylamino, malkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 

OXO; 

R 5 is selected from the group consisting of: 

-N-C(R.) -N-S(0) 2 _ v -f "> -f M-CPW-N A 
R 7 Vr 7 , X (CH 2 ) b -^ , and Rl ° ; 

R6 is selected from the group consisting of =0 and =S; 
R 7 is C2-7 alkylene; 

Rs is selected from the group consisting of hydrogen, Cmo alkyl, C2-10 alkenyl, 
Ci-10 alkoxy-Ci-10 alkylenyl, and aryl-Ci-io alkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; 

Rio is C3.8 alkylene; 

R n is C1-6 alkylene or C 2 -6 alkenylene, wherein the alkylene or alkenylene is 
optionally interrupted by one heteroatom; 

R 12 is selected from the group consisting of a bond, C1-5 alkylene, and 
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C2-5 alkenylene, wherein the alkylene or alkenylene is optionally interrupted by one 
heteroatom; 

R13 is selected from the group consisting of hydrogen and alkyl which may be 
optionally interrupted by one or more -O- groups; 
5 A is selected from the group consisting of -CH2-, -0-, -C(O)-, -S(0)o-2-, and 

-NOR4)-; 

A* is selected from the group consisting of -O-, -S(0)o-2-> -N(-Q-R0-, and -CH 2 -; 
Q is selected from the group consisting of a bond, -C(R6)-, -C(R6)-C(R6)-, -S(0)2-, 
-C(R6)-N(R8)-W-, -S(0) 2 -N(R«)-, -C(R«)-0-, and -C(R6)-N(OR 9 )s 
10 V is selected from the group consisting of -C(R6)-, -O-CQR*)-, -N(R«)-C(R6)-, and 

-S(0) 2 s 

W is selected from the group consisting of a bond, -C(O)-, and — S(0)2-; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
or a pharmaceutical^ acceptable salt thereof. 

15 

In one aspect, the present invention provides compounds of the following Formula 

Vllb: 




vnb 

20 wherein: 

X is Ci-10 alkylene or C2-10 alkenylene; 
R is selected from the group consisting o£ 
halogen, 
hydroxy, 
25 alkyl, 

alkenyl, 

haloalkyl, 

alkoxy, 
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alkylthio, and 

-N(R 9 ) 2 ; 

n is an integer from 0 to 4; 

R! is selected from the group consisting of: 

-X-R4, 

-X'-Y-R*, 

-X'-Y-X'-Y-R*, 

-X'-R 5 , 

-X"-0-NH-Y , -Ri\ and 

-x"-o-wnocRiXRi h ); 

Ri' and Ri" are independently selected from the group consisting of: 
hydrogen, 
alkyl, 
alkenyl, 
aryl, 

arylalkylenyl, 
heteroaryl, 
heteroarylalkylenyl, 
heterocyclyl, 

heterocyclylalkylenyl, and 

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, 
heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents selected 

from the group consisting of: 

hydroxy, 
alkyl, 
haloalkyl, 
hydroxyalkyl, 
alkoxy, 
dialkylamino, 
-S(O) 0 -2-alkyl, 
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-S(O) 0 -2-aryl, 

-NH-S(0) 2 -alkyl, 

-NH-S(0) 2 -aryl, 

haloalkoxy, 

halogen, 

cyano, ' 

nitro, 

* 

aryl, 

heteroaryl, 

heterocyclyl, 

aryloxy, 

arylalkyleneoxy, 
-C(0)-0-alkyl, 

-C(0)-N(Rs)2, 
-N(R8)-C(0)-alkyl, 

-0-(CO)-alkyl, and 

-C(0)-alkyl; 

or Ri f and Ri" can join together to form a ring system selected from the group 
consisting of: 

A' 

R ' 

1 1 wherein the total number of atoms in the ring is 4 to 9, and 




^ R 11 

12 d wherein the total number of atoms in the ring is 4 to 9; 

X' is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated by arylene, heteroarylene 
heterocyclylene and optionally interrupted by one or more -O- groups; 

X" is -CH(Ri 3 )-alkylene- or-CH(Ri 3 )-alkenylene-; 

Y is selected from the group consisting of: 
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-S(O) 0 -2-, 
-S(0) 2 -N(R«)-, 

-C(Re)-, 
-C(R6)-0-, 

-O-CCRe)-, 
-0-C(0)-0-, 

-N(Rg)-Q-, 
-C(R6)-N(R8)-, 
-0-C(R6)-N(R 8 )-, 
-C(R6)-N(ORg)-, 



N-Q 

J 




R 10 



— N-cffy-N-w- 

— N— R 7 — N-W- 



R 7 




, and 




R-IO 



N-C(Re)-N 
/ V Rio 




Y' is selected from the group consisting of: 
a bond, 
-C(O)-, 
-C(S)-, 

-S(0) 2 -, 
-S(0) 2 -N(Rs)-, 



— S(0) 2 — N 




R 10 
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-C(0)-0-, 

-C(0)-N(R8)-, 

-C(S)-N(Rs)-, 

-C(0)-N(R«)-S(0) 2 -, 

-C(0)-N(R8)-C(0)-, 

-C(S)-N(R«)-C(0)-, 




— C(O) — N 



-C(0)-C(0)-, 
-C(0)-C(0)-0-, and 
-C(=NH)-N(R8)S 

Rc and Ra are independently selected from the group consisting of hydrogen, 
halogen, hydroxy, alkyl, alkenyl, aryl, haloalkyl, alkoxy, alkylthio, and -N(R 9 ) 2 ; or Rc and 
Rd can join to form a fused aryl ring or fused 5-10 membered heteroaryl ring containing 

one to four heteroatoms; 

R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be unsubstituted 
or substituted by one or more substituents independently selected from the group 
consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, 
mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
((halkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 

oxo; 

R 5 is selected from the group consisting of: 

/"■( c H 2 )a-N 

r « -rr - v -f <CH!) '^ -0" C(Rs,_ Vh, ) 

R6 is selected from the group consisting of =0 and =S; 

71 



WO 2005/048933 PCT/US2004/037854 



R 7 is C2-7 alkylene; 

Rs is selected from the group consisting of hydrogen, C1-10 alkyl, C2-10 alkenyl, 
Ci-io alkoxy-Ci-10 alkylenyl, and aryl-Cio alkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; 

Rio is C3-8 alkylene; 

R„ is C M alkylene or C 2 -6 alkenylene, wherein the alkylene or alkenylene is . 

optionally interrupted by one heteroatom; 

R12 is selected from the group consisting of a bond, C1-5 alkylene, and 
C 2 . 5 alkenylene, wherein the alkylene or alkenylene is optionally interrupted by one 
heteroatom; 

R 13 is selected from the group consisting of hydrogen and alkyl which may be 
optionally interrupted by one or more -O- groups; 

A is selected from the group consisting of-CH 2 -, -O-, -C(O)-, -S(O) 0 -2-, and 

-NCR,)-; 

A* is selected from the group consisting of -0-, -S(O) 0 -2-, -N(-Q-Rt)-, and -CH 2 -; 
Q is selected from the group consisting of a bond, -C(Re)-, -C(R 6 )-C(R6)-, -S(0) 2 -, 
-C(R6)-N(R8)-W-, -S(0) 2 -N(R 8 )-, -C(R>)-0-, and -C(R6)-N(OR 9 )-; 

V is selected from the group consisting of -C(R*)-, -0-C(Rs)-, -NCRO-CCRO-, and 

-s(ph-; 

W is selected from the group consisting of a bond, -C(0)-, and -S(0) 2 S and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
or a pharmaceutically acceptable salt thereof. 



In one aspect, the present invention provides compounds of the following Formula 



VIE: 




vm 



wherein: 
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Ra2 and R B 2 are each independently selected from the group consisting of: 
hydrogen, 
halogen, 
alkyl, 
alkenyl, 
alkoxy, 
alkylthio, and 

-N(R 9 ) 2 ; 

X is Ci-io alkylene or C2-10 alkenylene; 
Ri is selected from the group consisting of: 

-R4, 
-X-R4, 
-X f -Y-R4, 
-X'-Y-X'-Y-R^ 
-X'-Rs, 

-X'-'O-NRia-Y'-Rib, and 

-X"-O-N=C(Ri0CR.i"); 
R 2 , R", Ru, Rib. Ri'» and Ri" are independently selected from the group consisting 

of: 

hydrogen, 
alkyl, 
alkenyl, 
aryl, 

arylalkylenyl, 
heteroaryl, 
heteroarylalkylenyl, 
heterocyclyl, 

heterocyclylalkylenyl, and 

alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, 
heterocyclyl, or heterocyclylalkylenyl, substituted by one or more substituents selected 
from the group consisting of: 
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hydroxy, 

alkyl, 

haloalkyl, 

hydroxyalkyl, 

alkoxy, 

amino, 

dialkylamiiio, 

-S(O) 0 -2-alkyl, 

-S(O) 0 -2-aryl, 

-NH-S(0) 2 -alkyl, 

-NH-S(0) 2 -aryl, 

haloalkoxy, 

halogea, 

cyano, 

nitro, 

aryl, 

heteroaryl, 

heterocyclyl, 

aryloxy, 

arylalkyleneoxy, 
-C(0)-0-alkyl, 

-C(0)-N(Rs) 2 , 
-N(El8)-C(0)-alkyl, 

-0-(CO)-alkyl, and 

-C(0)-alkyl; 

or R 2 and R" and/or Ri' and Ri" can join together to form a ring system selected 
from the group consisting of: 
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A' 



1 1 wherein the total number of atoms in the ring is 4 to 9, and 



12 d wherein the total number of atoms in the ring is 4 to 9; 



or Ru and Ri b together with the nitrogen atom and Y' to which they are bonded can 
join to form a ring selected from the group consisting of: 
— N — C(Rs) ~ N— S(0) 2 

and 

X* is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated by arylene, heteroarylene o: 
heterocyclylene and optionally interrupted by one or more -O- groups; 
10 X" is selected from the group consisting of-CH(Ri3)-a!kylene- and 

-CH(Ri 3 )-alkenylene-, wherein the alkylene and alkenylene are optionally interrupted by 

one or more -O- groups; 

Y is selected from the group consisting of: 

-S(O) 0 -2", 

15 -S(0) 2 -N(R8)-, 

-C(R6>-, 
-C(R6)-0-„ 

-OC(R6)-, 
-0-C(0)-0-, 

20 -N(Rg)-Q-, 

-C(R6)-N(R8)-, 
-0-C(R6)-N(R8)-, 
-C(R6)-N(OR 9 )-, 
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-N-C(Re)-N-W 



— N — R 7 — N-Q— 




— V-N 

Kw , and 





p J V Rio 

K io • 

7 

Y 1 is selected from the group consisting of: 
a bond, 
-C(O)-, 
-C(S>, 

-S(0)2-, 

-S(0) 2 -N(Rs)-, 



— S(0) 2 — N 




R 



10 



-C(0)-0-, 

-C(0)-N(Rs)-, 

-C(S)-N(R«)-, 

-C(0)-N(R8)-S(0) 2 -, 

-C(0)-N(R8)-C(0)-, 

-C(S)-N(Rs)-C(0)-, 




C(0)-C(0)-, 
C(0)-C(0)-0-, and 

-C(=NH)-N(R8)S 
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Rc and are independently selected from the group consisting of hydrogen, 
halogen, hydroxy, alkyl, alkenyl, aryl, haloalkyl, alkoxy, alkylthio, and -N(R 9 ) 2 ; or R. and 
R, can join to form a fused aryl ring or fused 5-10 membered heteroaryl ring containing 

one to four heteroatoms; 

R> is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkyleny 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be unsubstituted 
or substituted by one or more substituents independently selected from the group 
consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, 
mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylamino)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 

oxo; 

R 5 is selected from the group consisting of: 

• . /^(CH 2 ) a -v 

-N-C (Re ) -N-S(0) 2 _v-^ A ^ j \ ^ 

Re is selected from the group consisting of =0 and =S; 
R 7 is C2-7 alkylene; 

Rs is selected from the group consisting of hydrogen, C1-10 alkyl, C2-10 alkenyl, 
Ci-to alkoxy-Ci-10 alkylenyl, and aryl-Ci-10 alkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; 
Rio is C3-8 alkylene; 

Rn is Cm alkylene or C 2 -6 alkenylene, wherein the alkylene or alkenylene is 

optionally interrupted by one heteroatom; 

Ri 2 is selected from the group consisting of a bond, C1.5 alkylene, and 
C 2 - 5 alkenylene, wherein the alkylene or alkenylene is optionally interrupted by one 
heteroatom; 
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R 13 is selected from the group consisting of hydrogen and alkyl which may be 
optionally interrupted by one or more -O- groups; 

A is selected from the group consisting of -CH 2 -, -O-, -C(0)-, -S(O) 0 -2-, and 

-NOEU)-; 

A' is selected from the group consisting of -0-, -S(0)o-2-, -N(-Q-R0-, and -CH 2 -; 
Q is selected from the group consisting of a bond, -C(Re)-, -C(R;)-C(R6)-, -S(0) 2 -, 
-CCRO-IW-W-, -S(0) 2 -N(R8)-, -C(R€)-0-, and -C<TU)-N(OR 9 )-; 

V is selected from the group consisting of -C(Rs)-, -0-C(R<>)-, -N(Rs)-C(R6)-, and 

-S(0) 2 -; 

W is selected from the group consisting of a bond, -C(O)-, and -S(0) 2 -; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7; 
or a pharmaceutically acceptable salt thereof. 

Certain embodiments of the present invention include non-interfering substituents. 
For example, in certain embodiments, R' is hydrogen or a non-interfering substituted, and 
in certain embodiments, R" is a non-interfering substituent. 

Herein, "non-interfering" means that the ability of the compound or salt, which 
includes a non-interfering substituent, to modulate (e.g., induce or inhibit) the biosynthesis 
of one or more cytokines is not destroyed by the non-interfering substituted. DlusHative 
non-interfering R groups include those described herein for R x . Illustrative non- 
interfering R" groups include those described herein for R and R 3 . 

As used herein, the terms "alkyl", "alkenyl", "alkynyl" and the prefix "alk-» are 
inclusive of both straight chain and branched chain groups and of cyclic groups, i.e. 
cycloalkyl and cycloalkenyl. Unless otherwise specified, these groups contain from 1 to 
20 carbon atoms, with alkenyl groups containing from 2 to 20 carbon atoms, and alkynyl 
groups containing from 2 to 20 carbon atoms. In some embodiments, these groups have a 
total of up to 10 carbon atoms, up to 8 carbon atoms, up to 6 carbon atoms, or up to 4 
carbon atoms. Cyclic groups can be monocyclic or polycyclic and preferably have from 3 
to 10 ring carbon atoms. Exemplary cyclic groups include cyclopropyl, 
cyclopropylmethyl, cyclopentyl, cyclohexyl, adamantyl, and substituted and unsubstituted 
bornyl, norbomyl, and norbomenyl. 
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Unless otherwise specified, "alkylene", "alkenylene", and "alkynylene" are the 
alent forms of the "alkyl", "alkenyl", and "alkynyl" groups defined above. The terms, 
fcylenyl", "alkenylenyl", and "alkynylenyl" are use when "alkylene", "alkenylene", and 
'alkynylene", respectively, are substituted. For example, an arylalkylenyl group comprises 
5 an alkylene moiety to which an aryl group is attached. 

The term "haloalkyl" is inclusive of groups that are substituted by one or more 
halogen atoms, including perfluorinated groups. This is also true of other groups that 
include the prefix "halo-". Examples of suitable haloalkyl groups are chloromethyl, 

trifluoromethyl, and the like. 

10 The term "aryl" as used herein includes carbocyclic aromatic rings or ring systems. 

Examples of aryl groups include phenyl, naphthyl, biphenyl, fluorenyl and indenyl. 

Unless otherwise indicated, the term "heteroatom" refers to the atoms O, S, or N. 
The term "heteroaryl" includes aromatic rings or ring systems that contain at least 
one ring heteroatom (e.g., O, S, N). Suitable heteroaryl groups include furyl, thienyl, 

15 pyridyl, quinolinyl, isoquinolinyl, indolyl, isoindolyl, triazolyl, pyrrolyl, tetrazolyl, 
imidazolyl, pyrazolyl, oxazolyl, thiazolyl, benzofuranyl, benzothiophenyl, carbazolyl, 
benzoxazolyl, pyrimidinyl, benzimidazolyl, quinoxaiinyl, benzothiazolyl, naphthyridinyl, 
isoxazolyl, isothiazolyl, purinyl, quinazolinyl, pyrazinyl, 1-oxidopyridyl, pyridazinyl, 
triazinyl, tetrazinyl, oxadiazolyl, thiadiazolyl, imidazoquinolinyl, and so on. 

20 The term "heterocyclyl" includes non-aromatic rings or ring systems that contain at 

least one ring heteroatom (e.g., O, S, N) and includes all of the fully saturated and partially 
unsaturated derivatives of the above mentioned heteroaryl groups. Exemplary heterocyclic 
groups include pyrrolidinyl, tetrahydrofuranyl, morpholinyl, thiomorpholinyl, piperidinyl, 
piperazinyl, thiazoUdinyl, imidazoUdinyl, isothiazolidinyl, tetrahydropyranyl, 

25 quinuchdinyl, homopiperidinyl (azepanyl), homopiperazinyl (diazepanyl), 1,3-dioxolanyl, 
aziridinyl, mhydxoisoquinolin-(lfl)-yl octahydroisoqumolin-(li?)-yl, dihydroquinolin- 
(2#)-yl, octahy<koqumolm-(2Z0-yl, dihydro-lH-imidazolyl, and the like. When 
"heterocyclyl" contains a nitrogen atom, the point of attachment of the heterocyclyl group 

may be the nitrogen atom. 
30 The terms "arylene," "heteroarylene," and "heterocyclylene" are the divalent forms 

of the "aryl," "heteroaryl," and "heterocyclyl" groups defined above. The terms, 
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"arylenyl", "heteroarylenyl", and "heterocyclylenyl" are vised when "arylene" 
"heteroarylene," and "heterocyclylene", respectively, are substituted. For example, an 
alkylarylenyl group comprises an arylene moiety to which an alkyl group is attached. 

When a group (or substituent or variable) is present more than once in any Formula 

5 described herein, each group (or substituent or variable) is independently selected, whether 
explicitly stated or not. For example, for the formula -C(0)-N(Rs)2 each Rs group is 
independently selected. In another example, when an Ri and an R 3 group both contain an 
R4 group, each R4 group is independently selected. In a further example, when more than 
one Y group is present (i.e., Ri and R 3 both contain a Y group) and each Y group contains 

1 0 one or more R 7 groups, then each Y group is independently selected, and each R 7 group is 

independently selected. 

The invention is inclusive of the compounds described herein in any of their 
pharmaceutically acceptable forms, including isomers (e.g., diastereomers and 
enantiomers), salts, solvates, polymorphs, and the like. In particular, if a compound is 
1 5 optically active, the invention specifically includes each of the compound's enantiomers as 
well as racemic mixtures of the enantiomers. It should be understood that the term 
"compound" includes any or all of such forms, whether explicitly stated or not (although at 

times, "salts" are explicitly stated). 

For any of the compounds presented herein, each one of the following variables 
(e.g., R, R\ R", Ri, R2, R3, Ra, Rb, Rai, Rbi, Ra2, Rbz, Ras, Rb3, n, m, p, X, Y, Y', Z, and 
so on) in any of its embodiments can be combined with any one or more of the other 
variables in any of their embodiments and associated with any one of the formulas 
described herein, as would be understood by one of skill in the art. Each of the resulting 
combinations of variables is an embodiment of the present invention. 
25 In some embodiments, R is selected from the group consisting of halogen, hydroxy, 

alkyl, alkenyl, haloalkyl, alkoxy, alkylthio, and -N(R 9 ) 2 . hi some embodiments, R is 
selected from the group consisting of halogen and hydroxy. 

In some embodiments, R' is hydrogen or a non-interfering substituent. In some 
embodiments, R' is selected from the group consisting of -R4, -X-R4, -X-Y-R4, 
30 -X-Y-X-Y-R4, -X-R 5 , -X'-O-NH-Y-Ri', and -X'-O-N^^iOOR-i")- some 
embodiments, R' is selected from the group consisting of -R4, -X-R4, -X-Y-R4, 
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-X'-Y-X'-Y-R4, -X'-R 5 , OC^O-NR la -Y'-R lb , and -X^O-N^CCRDCRi")- 

In some embodiments, Ri is selected from the group consisting of -R4, -X-R4, 

-X'-Y-R* -X-Y-X-Y-R4, -X'-R 5 , OC'-0-NR, a -Y'-Rib, and -X"-O^N=C(Ri')(Ri")- 

In some embodiments, Ri is selected from the group consisting of -R4, -X'-R^ 

5 -X'-Y-R4, -X'-Y-X'-Y-R*, OC-Rs, OC'-O-NH-Y'-Ri', and OC'-O-N^CROCRi"). 

In some embodiments, Ri is selected from the group consisting of alkyl, 
arylalkylenyl, aryioxyalkylenyl, hydroxyalkyl, alkylsulfonylalkylenyl, -X'-Y-IU, and 
-X f -R 5 . In some embodiments, Ri is 2-methylpropyl, 2-hydroxy-2-methylpropyl, or 
-X-Y-R4. In some embodiments, Ri is 2-methylpropyl or -X-Y-R4. In some 

10 embodiments, Ri is C1-6 alkyl or hydroxy-Ci-6 alkyl. In some embodiments, Ri is 2- 
methylpropyl, 2-hydroxy-2-methylpropyl, or butyl. In some embodiments, R\ is 2- 
methylpropyl or 2-hydroxy-2-methylpropyl. In some embodiments, Ri is 2-methyl-2- 
[(methylsulfonyl)amino]propyl or 4-[(methylsulfonyl)amino]butyL 

In some embodiments, Ri a , Rib, Ri\ and Ri" are independently selected from the 

15 group consisting of hydrogen, alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, 

heteroarylalkylenyl, heterocyclyl, heterocyclylalkylenyl, as well as alkyl, alkenyl, aryl, 
arylalkylenyl, heteroaryl, heteroarylalkylenyl, heterocyclyl, or heterocyclylalkylenyl,. 
substituted by one or more substituents selected from the group consisting of hydroxy, 
alkyl, haloalkyl, hydroxyalkyl, alkoxy, amino, dialkylamino, -S(O) 0 -2-alkyl, -S(O) 0 -2-aryl, 

20 -NH-S(0) 2 -alkyl, -NH-S(0)2-aryl, haloalkoxy, halogen, cyano, nitro, aryl, heteroaryl, 

heterocyclyl, aryloxy, arylalkyleneoxy, -C(0)-0-alkyl, -C(0)-N(R8) 2 > -N(R8)-C(0)-alkyl, 

■ 

-0-(CO)-alkyl, and -C(0)-alkyl. 

In some embodiments, Ri a , Ru>, Ri', and Ri" are independently selected from the 
group consisting of hydrogen, alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, 

25 heteroarylalkylenyl, heterocyclyl, heterocyclylalkylenyl, as well as alkyl, alkenyl, aryl, 
arylalkylenyl, heteroaryl, heteroarylalkylenyl, heterocyclyl, or heterocyclylalkylenyl, 
substituted by one or more substituents selected from the group consisting of hydroxy, 
alkyl, haloalkyl, hydroxyalkyl, alkoxy, dialkylamino, -S(O) 0 -2-alkyl, -S(0)o-2-aryl, 
-NH-S(0) 2 -alkyl, -NH-S(0) 2 -aryl, haloalkoxy, halogen, cyano, nitro, aryl, heteroaryl, 

30 heterocyclyl, aryloxy, arylalkyleneoxy, -C(0)-0-alkyl, -C(0)-N(R8) 2 , -N(R8)-C(0)-alkyl, 
-0-(CO)-alkyl, and -C(0)-alkyl. 



81 



WO 2005/048933 



PCT/US2004/037854 



In some embodiments, R,' and R," are the same as R 2 and R" (discussed below). 
In some embodiments, Ri' and Ri" can join together to form a ring system selected 
from the group consisting of: 

A' 




* 

In some embodiments, K\' and Ri" can join together to form a ring system selected 
from the group consisting of: 



1 1 wherein the total number of atoms in the ring is 4 to 9, and 




R 

d wherein the total number of atoms in the ring is 4 to 9. 
In some embodiments, Ri a and Ri b together with the nitrogen atom and V to which 
1 0 they are bonded can j oin to form a ring selected from the group consisting of: 
• — N— C(Re) -N-S(0) 2 

R 7^ and Ry . In some embodiments, R ]a is hydrogen. 
In some embodiments, R 2 and R" are independently selected from the group 
consisting of hydrogen, alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, 
heterocyclyl, heterocyclylalkylenyl, as well as alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, 
1 5 heteroarylalkylenyl, heterocyclyl, or heterocyclylalkylenyl, substituted by one or more 
substituents selected from the group consisting of hydroxy (i.e., hydroxy!), alkyl, 
haloalkyl, hydroxyalkyl, alkoxy, amino, dialkylamino, -S(0)o-2-alkyl, -S(0)o- 2 -aryl, 
-NH-S(0) 2 -alkyl, -NH-S(0) 2 -aryl, haloalkoxy, halogen, cyano (i.e., nitrile), nitro, aryl, 
heteroaryl, heterocyclyl, aryloxy, arylalkyleneoxy, -C(0)-0-alkyl, -C(0)-N(R8) 2 , 
20 -N(R 8 )-C(0)-alkyl, -0-(CO)-alkyl, and -C(0)-alkyl. Herein, for certain embodiments, this 
list of substituents is being referenced when an R 2 or R" group is referred to as substituted 

or optionally substituted. 

In some embodiments, R 2 and R" are independently selected from the group 
consisting of hydrogen, alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, 
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heterocyclyl, heterocyclylalkylenyl, as well as alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, 
heteroarylalkylenyl, heterocyclyl, or heterocyclylalkylenyl, substituted by one or more 
substituents selected from the group consisting of hydroxy (i.e., hydroxyl), alkyl, 
haloalkyl, hydroxyalkyl, alkoxy, malkylamino, -S(O) 0 - 2 -alkyl, -S(O) 0 - 2 -aryl, 
-NH-S(0) 2 -alkyl, -NH-S(0)2-aryl, haloalkoxy, halogen, cyano (i.e., nitrile), nitro, aryl, 
heteroaryl, heterocyclyl, aryloxy, arylalkyleneoxy, -C(0)-0-alkyl, -C(0)-N(Rs)2, 
-N(R8)-C(0)-alkyl, -0-(CO)-alkyl, and -C(0)-alkyl. Herein, for certain embodiments, this 
list of substituents is being referenced when an R 2 or R» group is referred to as substituted 

or optionally substituted. 

In some embodiments, R 2 and R" can join together to form a ring system. 
In some embodiments,.the ring system is selected from the group consisting of: 




Preferably the ring system is selected from the group consisting of: 

A' 



V 



Rl 1 wherein the total number of atoms in the ring is 4 to 9, and 



R 12 R <* w herein the total number of atoms in the ring is 4 to 9. 



In some embodiments, the ring system is 



R 11^ 
A' 

11 



In some embodiments, R" or R 2 is selected from the group consisting of alkyl, 
alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, heterocyclyl, and 
heterocyclylalkylenyl, wherein the alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, 
heteroarylalkylenyl, heterocyclyl, and heterocyclylalkylenyl are optionally substituted (by 
this it is meant, substituted by the groups listed above as possible substituents for R 2 and 
R"). In some embodiments, at least one of R" or R 2 is alkyl or substituted alkyl. In some 
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embodiments, at least one of R" or R 2 is alkenyl or substituted alkenyl. In some 
embodiments, at least one of R" or R 2 is aryl, arylalkylenyl, substituted aryl, or substituted 
arylalkylenyl. m some embodiments at least one of R" or R2 is heteroaryl, 
heteroarylalkylenyl, substituted heteroaryl, or substituted heteroarylalkylenyl. In some 
embodiments, at least one of R" or R 2 is heterocyclyl, heterocyclylalkylenyl, substituted 
heterocyclyl, or substituted heterocyclylalkylenyl. 

m some embodiments, R 2 is selected from the group consisting of alkyl, alkenyl, 
aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, heterocyclyl, and heterocyclylalkylenyl, 
wherein the alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, heterocyclyl, 
and heterocyclylalkylenyl are optionally substituted (by this it is meant, substituted by the 
groups listed above as possible substituents for R 2 ). In some embodiments, R 2 is alkyl or 
substituted alkyl. In some embodiments, R 2 is alkenyl or substituted alkenyl. In some 
embodiments, R 2 is aryl, arylalkylenyl, substituted aryl, or substituted arylalkylenyl. In 
some embodiments, R 2 is heteroaryl, heteroarylalkylenyl, substituted heteroaryl, or 
substituted heteroarylalkylenyl. In some embodiments, R 2 is heterocyclyl, 
heterocyclylalkylenyl, substituted heterocyclyl, or substituted heterocyclylalkylenyl. 

1 

In some embodiments, at least one of R" or R 2 is selected from the group 
consisting of methyl, ethyl, cyclopropyl, 2-(ethoxycarbonyl)cyclopropyl, propyl, butyl, 2- 
methylpropyl, terf-butyl, cyclopentyl, 2-cyclopentylethyl, acetoxymethyl, 
(ethoxycarbonyl)methyl, furyl, furfuryl, cyclohexyl, tetiahydrofuranyl, 2-(methylthio)ethyl, 
phenyl, 2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2-methoxyphenyl, 3- 
methoxyphenyl, 4-methoxyphenyl, 2,6-dimethoxyphenyl, 2-chlorophenyl, 3-chlorophenyl, 
4-chlorophenyl, 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 2-cyanophenyl, 3- 
cyanophenyl, 4-cyanophenyl, 4-(dimethylamino)phenyl, 3-hydroxy-4-methoxyphenyl, 4- 
acetamidophenyl, 4-(methoxycarbonyl)phenyl, 4-trifluoromethylphenyl, phenylmethyl, 
phenoxymethyl, 1-phenylethyl, 2-phenylethyl, 2-phenylethenyl, biphenyl, 2-pyridyl, 3- 
pyridyl, 4-pyridyl, l-methylpyrrol-2-yl, l-methylimidazol-2-yl, l-methylimidazol-4-yl, 3- 
cyclohexen-l-yl, S^dihydro^if-pyran^-yl, 2-thienyl, 3-thienyl, thien-2-ylmethyl, 
thiazol-2-yl, 5-isoxazolyl, quinolin-2-yl, quinolin-3-yl, quinolin-4-yl, 1 -methylindol-2-yl, 
l-methylindol-3-yl, hydroxymethyl, 3,4-difluorophenyl, 3-chloro-4-fluorophenyl, 3,4- 
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dichlorophenyl, 4-hydroxyphenyl, 2-hydroxyethyl, 1 -hydroxyethyl, 2-hydroxy-2- 
methylpropyl, heptyl, aad pyrrol-3-yl. 

In some embodiments, at least one of R" or R2 is selected from the group 
consisting of methyl, ethyl, cyclopropyl, 2-(ethoxycarbonyl)cyclopropyl, propyl, butyl, 2- 
methylpropyl, terf-butyl, cyclopentyl, 2-cyclopentylethyl, acetoxymethyl, 
(ethoxycarbonyl)methyl, furyl, furfuryl, cyclohexyl, tetrahydrofuranyl, 2-(methylthio)ethyl, 
phenyl, 2-methylphenyl, 3-methylphenyl, 4-methylphenyl, 2-methoxyphenyl, 3- 
methoxyphenyl, 4-methoxyphenyl, 2,6-dimethoxyphenyl, 2-chlorophenyl, 3-chlorophenyl, 
4-chlorophenyl, 2-fluorophenyl, 3-fluorophenyl, 4-fluorophenyl, 2-cyanophenyl, 3- 
cyanophenyl, 4-cyanophenyl, 4-(dimethylamino)phenyl, 3-hydroxy-4-methoxyphenyl, 4- 
acetamidophenyl, 4-(methoxycarbonyl)phenyl, 4-trifluoromethylphenyl, phenylmethyl, 
phenoxymethyl, 1 -phenylethyl, 2-phenylethyl, 2-phenylethenyl, biphenyl, 2-pyridyl, 3- 
pyridyl, 4-pyridyl, 1 -methylpyrrol-2-yl, l-methylimidazol-2-yl, l-methylimidazol-4-yl, 3- 
cyclohexen-l-yl, 3,4-dihydro-2if-pyran-2-yl, 2-thienyl, 3-thienyl, thien-2-ylmethyl, 
thiazol-2-yl, 5-isoxazolyl, and quinolin-2-yl. 

In some embodiments, R 2 and R" are independently Cmo alkyl. In some 
embodiments, at least one of R" or R 2 is methyl, ethyl, propyl, butyl, or 2-methylpropyl. Li 
some embodiments, R 2 is methyl, ethyl, propyl, butyl, or 2-methylpropyL In some 
embodiments, R 2 and R" are each methyl. 

In some embodiments, at least one of R" or R 2 is hydrogen. In some embodiments, 
particularly embodiments of Formulas Etta and IVa, R" is hydrogen. 

In some embodiments, R 2 is C1-4 alkyl. In some embodiments, R" is hydrogen or 
C1-4 alkyl. In some embodiments, R" is C1-4 alkyl. In some embodiments, R 2 is hydrogen 
or C1-4 alkyl. 

In some embodiments, R m is a non-interfering substituent In some embodiments, 
R m is R 3 . In some embodiments, particularly embodiments of Formula m, R m is R or R3 
when n is 1, R or one R and one R 3 when n is 2, or R when n is 3 to 4. 

In some embodiments, R3 is selected from the group consisting of -Z-R4, -Z-X-R4, 
-Z-X f -Y-R4, -Z-X-Y-X'-Y-R*, and -Z-X ? -R 5 . In some embodiments, R 3 is selected from 
the group consisting of -Z-R4 and -Z-X-Y-R4. 
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In some embodiments, R4 is selected from the group consisting of hydrogen, alkyl, 
alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein 
the alkyl, alkenyl, alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, 
heteroarylalkylenyl, heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups 
can be unsubstituted or substituted by one or more substituents independently selected 
from the group consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, 
nitro, hydroxy, mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, malkylamino, 
Mi a ii™i fl mi«n^1kvleneoxv. and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 



oxo. 



In some embodiments, R4 is hydrogen, alkyl, alkenyl, aryl, or heteroaryl. In some 
embodiments, R4 is hydrogen, alkyl, alkenyl, aryl, or heteroaryl, wherein alkyl and alkenyl 
are optionally substituted by aryl or aryloxy and wherein aryl is optionally substituted by 
one or more substituents selected from the group consisting of alkyl, alkoxy, cyano, and 
halogen. In some embodiments, R4 is alkyl or arylalkylenyl. In some embodiments, R4 is 
selected from the group consisting of aryl or heteroaryl, each of which may be 
unsubstituted or substituted by one or more substituents selected from the group consisting 
of alkyl, hydroxy, cyano, hydroxyalkyl, dialkylamino, and alkoxy. 

In some embodiments, R 5 is selected from the group consisting of: 

C(Rs) - rr - v -f CH ^ A -fy™-( \ 

V , ^ . W^.and V *'« <CHs>t 

In some embodiments, R5 is 

^(CH 2 ) a ^ 

— N — C(Re) — N— S(0) 2 -N(R 8 )-C(0)-N A 
C R/ , V ,or W-^. 

In some embodiments, Re is selected from the group consisting of =0 and =S. In 

some embodiments, Re is =0. 

In some embodiments, R 7 is C2-7 alkylene. In some embodiments, R 7 is ethylene. 

In some embodiments, R7 is propylene. 

In some embodiments, Rj is selected from the group consisting of hydrogen, 
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Clio alkyl, C2-10 alkenyl, C M0 alkoxy-Ci-10 alkylenyl, and aryl-Ci-10 alkylenyl. In some 
embodiments, Rg is hydrogen or methyl, hi some embodiments, R« is hydrogen. 

hi some embodiments, R 9 is selected from the group consisting of hydrogen and 

alkyl. 

In some embodiments, Rio is C3-8 alkylene. In some embodiments, Rio is 
pentylene. 

In some embodiments, Rn is C3-9 alkylene or C3-9 alkenylene, optionally 
interrupted by one hetero atom, hi some embodiments, Rn is C1-6 alkylene or C2-6 
alkenylene, wherein the alkylene or alkenylene is optionally interrupted by one heteroatom. 
In some embodiments, Ru is C1-2 alkylene. In some embodiments, Ru is methylene; in 
some embodiments, Ri 1 is ethylene. 

hi some embodiments, R12 is C2-7 alkylene or C 2 . 7 alkenylene, optionally 
interrupted by one hetero atom. In some embodiments, R12 is selected from the group 
consisting of a bond, Ci- 5 alkylene, and C2-5 alkenylene, wherein the alkylene or alkenylene 
is optionally interrupted by one heteroatom. In some embodiments, R12 is ethylene. 

In some embodiments, R13 is selected from the group consisting of hydrogen and 
alkyl which may be optionally interrupted by one or more -O- groups. In some 

embodiments, R13 is hydrogen. 

In some embodiments, R A and R B are each independently selected from the group 
consisting of: hydrogen, halogen, alkyl, alkenyl, alkoxy, alkylthio, and -N(R 9 ) 2 ; or when 
taken together, R A and R B form a fused aryl ring or heteroaryl ring containing one 
heteroatom selected from the group consisting of N and S, wherein the aryl or heteroaryl 
ring is unsubstituted or substituted by one or more R'" groups; or when taken together, R A 
and R B form a fused 5 to 7 membered saturated ring, optionally containing one heteroatom 
selected from the group consisting of N and S, and unsubstituted or substituted by one or 
more R groups. 

hi some embodiments, particularly embodiments of Formula I, R A and R B are each 
independently selected from the group consisting of hydrogen, halogen, alkyl, alkenyl, 

alkoxy, alkylthio, and -N(R9>2. 

In some embodiments, particularly embodiments of Formula I, R A and R B form a 

fused aryl or heteroaryl ring. 
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In some embodiments, particularly embodiments of Formula I, R A and R B form a 

fused 5 to 7 membered saturated ring. 

In some embodiments, R A i and R B i are each independently selected from the group 
consisting of: hydrogen, halogen, alkyl, alkenyl, alkoxy, alkylthio, and -N(R 9 ) 2 ; or when 
taken together, R A i and R B i form a fused aryl ring or heteroaryl ring containing one 
heteroatom selected from the group consisting of N and S, wherein the aryl or heteroaryl 
ring is unsubstituted or substituted by one or more R groups, or substituted by one R 3 
group, or substituted by one R 3 group and one R group; or when taken together, R A i and 
Rbi form a fused 5 to 7 membered saturated ring, optionally containing one heteroatom 
selected from the group consisting of N and S, and unsubstituted or substituted by one or 
more R groups. 

In some embodiments, particularly embodiments of Formula E, R A i and Rbi form a 

fused benzene ring which is unsubstituted. 

In some embodiments, particularly embodiments of Formula H, R A i and Rbi form a 

fused pyridine ring which is unsubstituted. ■■ 

In some embodiments, particularly embodiments of Formula II, R A i and Rbi form a 
fused 5 to 7 membered saturated ring, optionally containing one heteroatom selected from 
the group consisting of N and S, wherein the ring is unsubstituted. In certain of these 
embodiments the fused saturated ring is a cyclohexene ring. 

In some embodiments, Ra2 and R B2 are each independently selected from the group 
consisting of hydrogen, halogen, alkyl, alkenyl, alkoxy, alkylthio, and -N(R 9 )2. In certain 
of these embodiments, Ra2 and Rb 2 are each independently alkyl. In some embodiments, 

K/a and R B 2 are each methyl. 

In some embodiments, R^ and R B3 , when taken together, form a fused aryl ring or 
heteroaryl ring containing one heteroatom selected from the group consisting of N and S, 
wherein the aryl or heteroaryl ring is unsubstituted or substituted by one or more R groups, 
or substituted by one R 3 group, or substituted by one R 3 group and one R group; or when 
taken together, R^ and R B3 form a fused 5 to 7 membered saturated ring, optionally 
containing one heteroatom selected from the group consisting of N and S, and 
unsubstituted or substituted by one or more R groups. 
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In some embodiments, Ras and Rb3 form a fused benzene ring which is 
unsubstituted. 

In some embodiments, R A3 and R B3 form a fused pyridine ring which is 
unsubstituted. 

In some embodiments, Ra3 and R B3 form a fused 5 to 7 membered saturated ring, 
optionally containing one heteroatom selected from the group consisting of N and S, 
wherein the ring is unsubstituted. In certain of these embodiments the fused saturated ring 

is a cyclohexene ring. 

In some embodiments, R* and Rj are independently selected from the group 
consisting of hydrogen, halogen, hydroxy, alkyl, alkenyl, aryl, haloalkyl, alkoxy, alkylthio, 
and -N(R 9 ) 2 ; or R= and R, can join to form a fused aryl ring or fused 5-10 membered 
heteroaryl ring containing one to four heteroatoms. In some embodiments, at least one of 
Rc or Rd is aryl. 

In some embodiments, A is selected from the group consisting of -CH 2 -, -O-, 
-C(0)-, -S(O) 0 -2-, and -N(R0-. In some embodiments, A is selected from the group 

consisting of -CH 2 - and -O-. 

In some embodiments, A is selected from the group consisting of -O-, -S(O) 0 - 2 -, 
-N(-Q-R4)-, and -CH 2 -. In some embodiments, A is -CH 2 -, -O-, or -N(-Q-R4>-. In some 
embodiments, A is -CH 2 - or -NC-Q-R,)- In some embodiments, A is -CH 2 -. 

In some embodiments, Q is selected from the group consisting of a bond, -C(Re)-, 
-CCRO-CCRe)-, -S(0) 2 -, -CCR^-NO^-W-, -S^-NCR,)-, -C(Rs)-0-, and -C(R*)-N(OR 9 )-. 
In some embodiments, Q is a bond or -C(0)-. In some embodiments, Q is selected from 
the group consisting of -C(O)-, -S(0) 2 -, and -C(0)-N(R 8 )-W-. 

In some embodiments, V is selected from the group consisting of -C(Re)-, 
-0-C(R<>)-, -N(R8)-C(R6)-, and -S(0) 2 -. In some embodiments, V is -N(Rs)-C(0)-. 

In some embodiments, W is selected from the group consisting of a bond, -C(0>, 
and -S(0)z-. hi some embodiments, W is selected from the group consisting of a bond and 

-C(0)-. 

In some embodiments, X is C,., 0 alkylene or C 2 ., 0 alkenylene. Preferably, X is 
Cmo alkylene or C3-10 alkenylene. In some embodiments, particularly embodiments of 
Formulas ffla and IVa, X is C 14 alkylene. In some embodiments, X is methylene. 
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In some embodiments, particularly embodiments of Formula Dla and IVa, X' is 
selected from the group consisting of alkylene, alkenylene, alkynylene, arylene, 
heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and alkynylene 
groups can be optionally interrupted or terminated by arylene, heteroarylene or 
heterocyclylene and optionally interrupted by one or more -O- groups, m some 
embodiments, X' is alkylene. In some embodiments, X is ethylene, propylene, or butylene 

(including isobutylene). 

In some embodiments, X" is selected from the group consisting of-CH(Ri 3 )- 
alkylene- and -CH(Ri 3 )-alkenylene-, wherein the alkylene and alkenylene are optionally 
interrupted by one or more -O- groups. In some embodiments, particularly in 
embodiments of Formula IEa and IVa, X" is -CH(Ri 3 )-alkylene- or -CH(Ri 3 )-alkenylene-. 

In some embodiments, Y is selected from the group consisting of -S(O) 0 -2-, 
-S(0) 2 -N(Rs)-, -C(R 6 )-, -C(R 6 )-0-, -O-C^)-, -0-C(0)-0-, -N(Rs)-Q-, -C(R«)-N(RjO-, 
-0-C(R6)-N(R8)-, -C(R6)-N(OR 9 )-, 




N-Q— -N-C(R 6 )-N-W- -N-R-N 



-Q— 





N-C(R 6 )-N 




, and Rl ° 

Li some embodiments, Y is selected from the group consisting of -S(O) 0 -2-, 
-S(0) 2 -N(R8)-, -C(R6)-, -C(R 6 )-0-, -0-C(EU)-, -0-C(0)-0-, -N^-Q-, -C^N^)-, 
-0-C(R6)-N(Rs)-, -C(R6)-N(OR 9 )-, 





, and 




N-C(Re)-INl 

— D 

10 




10 

In some embodiments, Y is -N(R8)-C(0)-, -N(Rs)-S(0)2-, -N(R8)-S(0)2-N(R8)-, 
-N(Rs)-C(0)-N(R8)-, -N(R8)-C(0)-N(R8)-C(0)-, 
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1U ,or 

In some embodiments, Y is -NH-C(O)-, -NH-S(0) 2 -, -NH-S(0) 2 -N(Rg)-, 
-NH-C(0)-N(R8)-, -NH-C(0)-NH-C(0)-, or 



— V-N 




N-Q 



- NH- C(O) N 



In some embodiments, Y f is selected from the group consisting of a bond, -C(O)-, 



embodiments, Y' is selected from the group consisting of -C(O)-, -S(0) 2 -, and 
-C(0)-N(Rs)-. 

In some embodiments, Z is a bond or Z is a bond or -O-. In some embodiments, Z 
is a bond. In some embodiments, Z is -O-. 

In some embodiments, a and b are independently integers from 1 to 6 with the 
proviso that a + b is < 7. In some embodiments, a and b are each 2. 

hi some embodiments, n is an integer from 0 to 4. In some embodiments, n is 0 or 
1. In some embodiments, particularly embodiments of Formula IVa, n is 0. hi some 
embodiments, n is 1 . In some embodiments, n is 2. In some embodiments, n is 3 or 4. 

In some embodiments m is 0 or 1. In some embodiments, m is 0. In some 

embodiments, m is 1. 

In some embodiments, p is an integer from 0 to 3. In some embodiments, p is 0 or 

1. In some embodiments p is 0. 

In some embodiments, particularly embodiments of Formula Eta, both n and m are 
0. In some embodiments, particularly embodiments of Formula V, both m and p are 0. 

In some embodiments, n is 0, m is 0, or both n and m are 0. 



-C(S)-, -S(0) 2 -, -S(0)2-N(Rs)-, 




, -C(0)-0-, -C(O)-NCRg)-, -C(S)-N(Rs)-, -C(0)-N(R«)-S(0) 2 -, 



-C(0)-N(Rs)-C(0)-, -C(S)-N(Rs)-C(0)-, 




, -C(0)-C(0>, -C(0)-C(0)-0-, and -C(-NH)-N(R8)-. In some 
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In some embodiments, particularly embodiments of Formula Ilia, m is 0 or 1; with 
the proviso that when m is 1, then n is 0 or 1. 

In some embodiments, particularly embodiments of Formula V, m is 0 or 1, with 
the proviso that when m is 1, p is 0 or 1 . 
5 In some embodiments, X is C1-4 alkylene; R 2 is C1-4 alkyl; R" is hydrogen or 

C1-4 alkyl; and Ri is d-6 alkyl or hydroxy-Ci-6 alkyl. 

In some embodiments, X is C1-4 alkylene; R M is C1-4 alkyl; R 2 is hydrogen or 
C1-4 alkyl; and Ri is Ci. 6 alkyl or hydroxy-Ci^ alkyl. 

In some embodiments, X is methylene; at least one of R n or R 2 is methyl, ethyl, 
10 propyl, butyl, or 2-methylpropyl; and R x is 2-methylpropyl, 2-hydroxy-2-methylpropyl, or 
butyl. 

In some embodiments, X is methylene; R" and R 2 are methyl; and R\ is 2- 
methylpropyl or 2-hydroxy-2-methylpropyl. 

In some embodiments, X is C1-4 alkylene; R" is C1-4 alkyl; R 2 is hydrogen or 
15 C1-4 alkyl; Ri is C1-6 alkyl or hydroxy-Ci-6 alkyl; and n and m are 0. 

In some embodiments, particularly embodiments of Formula IEa, X is 
C1-4 alkylene; R" is hydrogen or C1-4 alkyl; R 2 is C1-4 alkyl; Ri is C1-6 alkyl or 
hydroxy-Ci-6 alkyl; and n and m are 0. 

■ 

In some embodiments, particularly embodiments of Formula VI, X is C1-4 alkylene; 
20 R 2 is C1-4 alkyl; R" is hydrogen or C1-4 alkyl; Ri is Ci^ alkyl or hydroxy-Ci-6 alkyl; and 
Ra2 and Rb 2 are each methyl. 

In some embodiments, particularly embodiments of Formula VI, X is C1-4 alkylene; 
R" is C1-4 alkyl; R 2 is hydrogen or Ci^ alkyl; Ri is C1-6 alkyl or hydroxy-Ci-6 alkyl; and 
Ra2 and Rb 2 are each methyl. 
25 In some embodiments, particularly embodiments of Formula V, X is C1-4 alkylene; 

R 2 is C1-4 alkyl; R" is hydrogen or C1-4 alkyl; Ri is Ci. 6 alkyl or hydroxy-Ci_ 6 alkyl; and p 
and m are 0. 

In some embodiments, X is C1.4 alkylene; R 2 is C1-4 alkyl; R" is hydrogen or 
C1-4 alkyl; Ri is Ci- 6 alkyl or hydroxy-Ci-6 alkyl; and n is 0. 
30 In some embodiments, particularly embodiments of Formula V, X is 

Cm alkylene;R" is C1-4 alkyl; R 2 is hydrogen or C1-4 alkyl; Ri is Ci. 6 alkyl or 
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hydroxy-Ci-6 alkyl; and p and m are 0. 

In some embodiments, X is C 1A alkylene; R" is Cm alkyl; R 2 is hydrogen or 

C M alkyl; Ri is C w alkyl or hydroxy-Ci^ alkyl; and n is 0. 

In some embodiments, X is methylene; at least one of R" or R 2 is methyl, ethyl, 
propyl, butyl, or 2-metbylpropyl; Rt is 2-methylpropyl; 2-hydroxy-2-methylpropyl, or 

butyl; and n and m are 0. 

In some embodiments, particularly embodiments of Formula V, X is methylene; at 

least one of R" or R 2 is methyl, ethyl, propyl, butyl, or 2-methylpropyl; Ri is 2- 
methylpropyl, 2-hydroxy-2-methylpropyl, or butyl; and p and m are 0. 

In some embodiments, particularly embodiments of Formula V, X is methylene; R" 
and R 2 are methyl; Ri is 2-methylpropyl or 2-hydroxy-2-methylpropyl; and p and m are 0. 

In some embodiments, particularly embodiments of Formula VI, X is methylene; 
R 2 is methyl, ethyl, propyl, butyl, or 2-methylpropyl; R is 2-methylpropyl, 2-hydroxy-2- 
methylpropyl, or butyl; and R^ and R B2 are each methyl. 

In some embodiments, particularly embodiments of Formula VI, X is methylene; 
R" and R 2 are methyl; Ri is 2-methylpropyl or 2-hydroxy-2-methylpropyl; and R^ and Rb 2 
are each methyl. 

In some embodiments, particularly embodiments of Formula IHa, X is methylene; 
R 2 is methyl, ethyl, propyl, butyl, or 2-methylpropyl; R is 2-methylpropyl, 2-hydroxy-2- 

methylpropyl, or butyl; and n and m are 0. 

In some embodiments, X is methylene; R" and R 2 are methyl; Ri is 2-methylpropyl 

or 2-hydroxy-2-methylpropyl; and n and m are 0. 

In some embodiments, particularly embodiments of Formula IHa, X is methylene; 
R" and R 2 are methyl; Ri is 2-methylpropyl; and n and m are 0. 

In some embodiments, Ri is selected from the group consisting of alkyl, 
arylalkylenyl, aryloxyalkylenyl, hydroxyalkyl, alkylsulfonylalkylenyl, -X'-Y-R,, and 
-X-R 5 ; wherein X is alkylene; Y is -N(Rs)-C(0)-, -N(R8)-S(0) 2 -, -N(Rg)-S(0) 2 -N(R8)-, 
-N(Rs)-C(0)-N(R8)-, -N(Rs)-C(0)-N(R8)-C(0)-, 




-V-N 1 — N ' Q 




^ ' , or ^ Rl ° ; Ri is hydrogen, alkyl, alkenyl, aryl, or heteroaryl, 

wherein alkyl and alkenyl are optionally substituted by aryl or aryloxy and wherein aryl is 
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optionally substituted by one or more substituents selected from the group consisting of 
alkyl, alkoxy, cyano, and halogen; and R 5 is 

-N-CtRg) — N— S(0) 2 _ N(R8) _ C(0) _ N A 
<V , ^ r/ , or • W-^ . 

In some embodiments, particularly embodiments of Formulas Ufa and IVa, Ri is 
selected from the group consisting of alkyl, arylalkylenyl, aryloxyalkylenyl, hydroxyalkyl, 
alkylsulfonylalkylenyl, -X-Y-R4, and -X'-R 5 ; wherein X' is alkylene; Y is -N(Rg)-C(0)-, 
-N(Rs)-S(0) 2 -, -N(R8)-S(0) 2 -N(Rs)-, -N(Rs)-C(0)-N(Rs)-, -N(R 8 )-C(0)-N(Rs)-C(0)-, 





R i° ; R4 is hydrogen, alkyl, alkenyl, aryl, or heteroaryl; 

^-(CH 2 ) a ^ 

— N— C(Re) — N— S(0) 2 _ n( r 8) _ c(0) _ N a 

;t> • ^R/* or V (CH 2 ) b -^ 

andR 5 is 7 , 7 » or 

In some embodiments, Ri is 2-methylpropyl, 2-hydroxy-2-methylpropyl, or 
-X-Y-R4; X' is ethylene, propylene, or butylene; Y is -NH-C(O)-, -NH-S(0) 2 -, 
-NH-S(0) 2 -N(Rs)-, -NH-C(0)-N(Rs)-, -1^-C(0)-NH-C(0)-, or 

r 

- NH- C(O) N 

N — ' ; and R« is hydrogen or methyl. 

In some embodiments, Ri is 2-methylpropyl or-X'-Y-R,; X is ethylene, propylene, 
or butylene; Y is -NH-C(0)-, -NH-S(0) 2 -, -NH-S(0) 2 -N(Rs)-, -NH-C(0)-N(R 8 )-, 
-NH-C(0)-NH-C(0)-, or 

-NH-C(O)— N 9 

— ; and Rg is hydrogen or methyl. 

In some embodiments, particularly embodiments of Formula m, R is selected from 
the group consisting of: 

-R4, 1 

-X-R,, 

-X'-Y-Rt, 

-X-Y-X-Y-R4, 
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-X'-Rs, 

-X"-0-NH-Y'-Ri , J and 
-XT-O-N-CCRiOCRi"); 

wherein: 

X' is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated by arylene, heteroarylene 
heterocyclylene and optionally interrupted by one or more -O- groups; 

X" is -CH(Ri 3 )-alkylene- or -CH(Ri 3 )-alkenylene-; 

Y is selected from the group consisting of: 

-S(O) 0 -2-, 
-S(0) 2 -N(R8)-, 

-C(R<0-, 
-C(R6)-0-, 

-0-C(R6)-, 
-0-C(0)-0, 

-N(R 8 )-Q-, 
-C(R6)-N(R8)-, 



-0-C(R6)-N(R8)-, 
-C(R6)-N(OR 9 )-, 






—V-N 




10 



, and 
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_zTn-c(R6)-n 




Y 1 is selected from the group consisting of: 



a bond, 
-C(O)-, 
-C(S)-, 
-S(0) 2 -, 



-S(0) 2 -N(R«)-, 




-C(0)-0-, 

-C(0)-N(Rs)-, 

-C(S)-N(R8)-, 

-C(0)-N(R8)-S(0) 2 -, 

-C(0)-N(Rs)-C(0)-, 

-C(S)-N(Rs)-C(0)-, 



-C(0)-C(0)-, 
-C(0)-C(0)-0-, and 

-C(=NH)-N(Rs)s 
Ri' and Ri" are the same as R 2 and R"; 

R» is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 
arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can be unsubstituted 
or substituted by one or more substituents independently selected from the group 
consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, 
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mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(6Ualkylainino)alkyl e neoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 

oxo; 

R 5 is selected from the group consisting of: 

WCH 2 ) a -. 

N _ c( _ } _ N _ S (0) 2 _v-^ (CH2>a \ fN-W)-- 

^R/ f R 7 , V (CH 2 ) b -> >and R i» ; 

Rs is selected from the group consisting of =0 and =S; 

R 7 is C2.7 alkylene; 

Rs is selected from the group consisting of hydrogen, Cmo alkyl, Cwo alkenyl, 
C1.10 alkoxy-Ci-io alkylenyl, and aryl-Ci-10 alkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; 

Rio is C3-8 alkylene; 

R 13 is selected from the group consisting of hydrogen and alkyl which may be 
optionally interrupted by one or more -O- groups; 

A is selected from the group consisting of -CH 2 -, -O-, -C(0)-, -S(O) 0 -2-, and 

-N(R0-; 

Q is selected from the group consisting of a bond, -C(Rs)-, -C(R5)-C(Rs)-, -S(0) 2 -, 
-C(R5)-N(Rs)-W-, -S(0)2-N(R8>, -CCRO-O-, and -C(Rs)-N(OR 9 )-; 

V is selected from the group consisting of -OR*)-, -0-C(R<)-, -NO^-QR*)-, and 

-S(0)2-; 

W is selected from the group consisting of a bond, -C(0)-, and -S(0>2-; and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7. 

Ia some embodiments, particularly embodiments of Formula HI, R"' is R or R 3 
when n is 1 , R or one R and one R 3 when n is 2, or R when n is 3 to 4; 
R is selected from the group consisting of: 
halogen, 
hydroxy, 
alkyl, 
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alkenyl, 
haloalkyl, 
alkoxy, 
alkylthio, and 

-N(R 9 )2; 

R 3 is selected from the group consisting of: 

-Z-R4, 
-Z-X-R4, 
-Z-X'-Y-R4, 
-Z-X-Y-X-Y-R4, and 

-Z-X-R5; 
n is an integer from 0 to 4; 
Z is a bond or -Os ; 

X' is selected from the group consisting of alkylene, alkenylene, alkynylene, 
arylene, heteroarylene, and heterocyclylene wherein the alkylene, alkenylene, and 
alkynylene groups can be optionally interrupted or terminated by arylene, heteroary 
heterocyclylene and optionally interrupted by one or more -O- groups; 

Y is selected from the group consisting of: 

-S(O) 0 -2-, 
-S(0) 2 -N(Rg)-, 
-C(R>)-, 
-C(Re)-0-, 

-0-C(R6)-, 
-0-C(0)-0-, 

-N(Rs)-Q-, 
-C(R6)-N(R8)-, 
-0-C(Rs)-N(R8)-, 
-C(R>)-N(OR 9 )-, 
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— N— R 7 — N-W— 




i 




N-C(Re)-N 




5 R4 is selected from the group consisting of hydrogen, alkyl, alkenyl, alkynyl, aryl, 

arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl wherein the alkyl, alkenyl, 
alkynyl, aryl, arylalkylenyl, aryloxyalkylenyl, alkylarylenyl, heteroaryl, heteroarylalkylenyl, 
heteroaryloxyalkylenyl, alkylheteroarylenyl, and heterocyclyl groups can he unsuhstituted 

10 or substituted by one or more substituents independently selected from the group 

consisting of alkyl, alkoxy, hydroxyalkyl, haloalkyl, haloalkoxy, halogen, nitro, hydroxy, 
mercapto, cyano, aryl, aryloxy, arylalkyleneoxy, heteroaryl, heteroaryloxy, 
heteroarylalkyleneoxy, heterocyclyl, amino, alkylamino, dialkylamino, 
(dialkylammo)alkyleneoxy, and in the case of alkyl, alkenyl, alkynyl, and heterocyclyl, 

15 oxo; 



R 5 is selected from the group consisting of: 




Rg is selected from the group consisting of =0 and =S; 
R 7 is C2-7 alkylene; 

Rg is selected from the group consisting of hydrogen, Cmo alkyl, C2-10 alkenyl, 



20 



Cmo alkoxy-Ci-io alkylenyl, and aryl-Ci-10 alkylenyl; 

R 9 is selected from the group consisting of hydrogen and alkyl; 
Rio is C3-8 alkylene; 
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A is selected from the group consisting of -CH2-, -O-, -C(O)-, -S(0)o- 2 -, and 
-N(R»)-; 

Q is selected from the group consisting of ahond, -C(R;)-, -C(R>)-C(R<>)-, -S(0) 2 -, 
-C(R6)-N(Rs)-W- 9 -S(0) 2 -N(R8)-, -C(R6>0-, and -C(R6)-N(OR 9 )-; 

V is selected from the group consisting of -C(R<>)-, -0-C(Rs)-, -N(Ra)-C(R6)-, and 

-S(0) 2 -; 

W is selected from the group consisting of a bond, -C(O)-, and -S(0) 2 S and 
a and b are independently integers from 1 to 6 with the proviso that a + b is < 7. 
In some embodiments, particularly embodiments of Formulas IHa and IVa, R 2 is 
selected from the group consisting of alkyl, alkenyl, aryl, arylalkylenyl, heteroaryl, 
heteroarylalkylenyl, heterocyclyl, and heterocyclylalkylenyl, wherein the alkyl, alkenyl, 
aryl, arylalkylenyl, heteroaryl, heteroarylalkylenyl, heterocyclyl, and heterocyclylalkylenyl 
are optionally substituted with one or more substituents defined above in the definition of 

R 2 . 

In some embodiments, particularly embodiments of Formulas IHa and IVa, R 2 is 

alkyl or substituted alkyl, and R" is hydrogen. 

In some embodiments, particularly embodiments of Formulas IHa and IVa, R 2 and 

* 

R" are independently alkyl. 

In some embodiments, particularly embodiments of Formulas IHa and IVa, R 2 is 

alkenyl or substituted alkenyl, and R" is hydrogen. 

In some embodiments, particularly embodiments of Formulas IHa and IVa, R 2 is 
aryl, arylalkylenyl, substituted aryl, or substituted arylalkylenyl, and R" is hydrogen. 

In some embodiments, particularly embodiments of Formulas Hla and IVa, R 2 is 
heteroaryl, heteroarylalkylenyl, substituted heteroaryl, or substituted heteroarylalkylenyl, 
and R" is hydrogen. 

In some embodiments, particularly embodiments of Formulas ffla and IVa, R 2 is 
heterocyclyl, heterocyclylalkylenyl, substituted heterocyclyl, or substituted 
heterocyclylalkylenyl, and R" is hydrogen. 

In some embodiments, at least one of R" or R 2 is alkyl or substituted alkyl, and at 

least one of R" or R 2 is hydrogen. 
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In some embodiments, at least one of R" or R 2 is alkenyl or substituted alkenyl, and 

at least one of R" or R 2 is hydrogen. 

In some embodiments, at least one of R" or R 2 is aryl, arylalkylenyl, substituted 

aryl, or substituted arylalkylenyl, and at least one of R" or R 2 is hydrogen. 

In some embodiments at least one of R" or R 2 is heteroaryl, heteroarylalkylenyl, 
substituted heteroaryl, or substituted heteroarylalkylenyl, and at least one of R" or R 2 is 
hydrogen. 

In some embodiments, at least one of R" or R 2 is heterocyclyl, 
heterocyclylalkylenyl, substituted heterocyclyl, or substituted heterocyclylalkylenyl, and at 

least one of R" or R 2 is hydrogen. 

In some embodiments, particularly embodiments of Formulas IEa and IVa, R 2 is 

selected from the group consisting of methyl, elhyl, cyclopropyl, 2- 
(ethoxycarbonyl)cyclopropyl, propyl, butyl, 2-methylpropyl, tert-butyl, cyclopentyl, 2- 
cyclopentylethyl, acetoxymethyl, (ethoxycarbonyl)methyl, furyl, furfuryl, cyclohexyl, 
tetrahydrofuranyl, 2-(methylthio)ethyl, phenyl, 2-methylphenyl, 3-methylphenyl, 4- 
methylphenyl, 2-methoxyphenyl, 3-methoxyphenyl, 4-methoxyphenyl, 2,6- 
dimethoxyphenyl, 2-chlorophenyl, 3-chlorophenyl, 4-chlorophenyl, 2-fluorophenyl, 3- 
fluorophenyl, 4-fluorophenyl, 2-cyanophenyl, 3-cyanophenyl, 4-cyanophenyl, 4- 
(dimethylamino)phenyl, 3-hydroxy-4-methoxyphenyl, 4-acetamidophenyl, 4- 
(methoxycarbonyl)phenyl, 4-trifluoromethylphenyl, phenylmethyl, phenoxymethyl, 1- 
phenylethyl, 2-phenylethyl, 2-phenylethenyl, biphenyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, 1- 
methylpyrrol-2-yl, l-metnylimidazol-2-yl, l-memylimidazol-4-yl, 3-cyclohexen-l-yl, 3,4- 
dihydro-2if-pyran-2-yl, 2-thienyl, 3-thienyl, thien-2-ylmethyl, thiazol-2-yl, 5-isoxazolyl, 
and quinolin-2-yl. 

M some embodiments, R 2 and R" and/or R,' and Ri" join together to form a ring 

system. 

In some embodiments, the ring system formed by R 2 and R" and/or Ri' and Ri" is 
selected from the group consisting of: 
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V *' 

Rl 1 wherein the total number of atoms in the ring is 4 to 9, and 

Rl2 wherein the total number of atoms in the ring is 4 to 9; wherein 

Rn is Cm alkylene or C 2 * alkenylene, wherein the alkylene or alkenylene is optionally 
interrupted by one heteroatom; R12 is selected from the group consisting of a bond, C,. 5 
alkylene, and C2-5 alkenylene, wherein the alkylene or alkenylene is optionally interrupted 
by one heteroatom; R and R4 are independently selected from the group consisting of 
hydrogen, halogen, hydroxy, alkyl, alkenyl, aryl, haloalkyl, alkoxy, alkylthio, and -N(R>) 2 ; 
or Rc and Rd can join to form a fused aryl ring or fused 5-10 membered heteroaryl ring 
containing one to four heteroatoms; and A' is selected from the group consisting of -0-, 

-S(0)o- 2 -, -N(-Q-R4)-, and -CH 2 -. 

In some embodiments, particularly for R 2 and R", the ring system is 

- A' 

R " wherein Ri 1 is Ci- 2 alkylene; A' is -CH 2 -, -O-, or -N(-Q-Ra)-; Q is a bond 
or -C(O)-; and R4 is alkyl or arylalkylenyl. In certain of these embodiments, particularly 
embodiments of Formulas Dla and IVa, Rn is Ci- 2 alkylene; A' is -CH 2 - or -N(-Q-R0-; Q 
is a bond or -C(O)-; and R4 is alkyl or arylalkylenyl. 

In some embodiments, the ring system formed by R 2 and R" and/or Ri' and Ri" is 

selected from the group consisting of 




Rd ; wherein Rn is C3-9 alkylene or C3-9 alkenylene, 
optionaUy interrupted by one hetero atom; Ri 2 is C 2 . 7 alkylene or C 2 . 7 alkenylene, 
optionally interrupted by one hetero atom; R and Ri are independently selected from the 
group consisting of hydrogen, halogen, hydroxy, alkyl, alkenyl, aryl, haloalkyl, alkoxy, 
alkylthio, and -N(R 9 ) 2 ; or R and Rd can join to form a fused aryl ring or fused 5-10 
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membered heteroaryl ring containing one to four hetero atoms; and A' is selected from the 
group consisting of -0-, -S(0)<«-, -NO-Q-R4)-, and -CH 2 - 

Preparation of the Compounds 

Compounds of the invention can be prepared according to Reaction Scheme I 
where R t , R 2 , R R". X, and n are as defined above, and Hal is chloro, bromo, or unto. In 
step (1) of Reaction Scheme I, a qumolme-3,4-marmne of Formula X is reacted wuh a 
carboxylic acid or an equivalent thereof to provide a lif-irmdazo[4,5-c]quinolme of 
Formula XL Suitable equivalents to a carboxylic acid include orthoesters, and 1,1- 
diallcoxyalkyl alkanoates. The carboxylic acid or equivalent is selected such that « wall 
provide the desired -X-Hal substituent in a compound of Formula XL For example, 
Hal-X-C0 2 H or Hal-X-C(0-alkyl) 3 will provide a compound with the desired -X-Hal 
substitute* at the 2-position. The reaction can be run in the absence of solvent 
inert solvent such as toluene. The reaction is run with sufficient heating to drive off any 
alcohol or water formed as a byproduct of the reaction. Optionally a catalyst such as 
pyridine hydrochloride can be included. 

Alternatively, step (1) can be carried out by (i) reacting a compound of Formula X 
with an acyl halide of formula Hal-X-C(0)Cl or Hal-X-C(0)Br and then (ii) cyclizing. In 
part (i) the acyl halide is added to a solution of a compound of Formula X m an mert 
solvent such as acetonitrile, pyridine or dichloromethane. The reaction can be earned out 
at ambient temperature. A catalyst such as pyridine hydrochloride can be included. 
Alternatively, the reaction can be carried out in the presence of triemylarnine. In part (n) 
the product of part (i) is heated in pyridine. The two steps can be combined mto a single 
step when the reaction is run in pyridine or solvents such as dichloromethane or 
dichloroethane in the presence of triemylarnine. 

Many compounds of Formula X are known and can be readily prepared using 
known synthetic routes; see for example, U.S. Patent No, 4,689,338 (Gerster), 4,929,624 
(Gerster et al.), 5,268,376 (Gerster), 5,389,640 (Gerster et al.), 6,331,539 (Crooks et al.), 
6 451 810 (Coleman et al.), 6,541,485 (Crooks et al.) 6,660,747 (Crooks et al.), 6,670,372 



103 



WO 2005/048933 



PCT/US2004/037854 



(Charles et al.), 6,683,088 (Crooks et al.), 6,656,938 (Crooks et al.), and 6,664,264 
(Dellaria et al.). 

In step (2) of Reaction Scheme I a lH-imidazo[4,5-c]quinoline of Formula XI is 
oxidized to provide an iV-oxide of Formula XH using a conventional oxidizing agent that is 
capable of forming iV-oxides. The reaction can be carried out by treating a solution of a 
compound of Formula XI in a suitable solvent such as chloroform or dichloromethane with 
3-chloroperoxybenzoic acid at ambient temperature. 

In step (3) of Reaction Scheme I an iV-oxide of Formula XH is aminated to provide 
a l^-irmdazo[4,5- C ]qumolme-4-amine of Formula XHL The reaction is carried out in two 
parts. In part (i) a compound of Formula XH is reacted with an acylating agent. Suitable 
acylating agents include alkyl- or arylsulfonyl chorides (e.g., benzenesulfonyl choride, 
methanesulfonyl choride, or p-toluenesulfonyl chloride). In part (ii) the product of part (i) 
is reacted with an excess of an aminating agent. Suitable aminating agents include 
ammonia (e.g. in the form of ammonium hydroxide) and ammonium salts (e.g., 
ammonium carbonate, ammonium bicarbonate, ammonium phosphate). The reaction can 
be carried out by dissolving a compound of Formula XII in a suitable solvent such as 
dichloromethane or chloroform, adding ammonium hydroxide to the solution, and then 
adding p-toluenesulfonyl chloride. The product or a pharmabeutically acceptable salt 
thereof can be isolated using conventional methods. 

In step (4) of Reaction Scheme I a ljy-imidazo[4,5-c]qumolme^-amine of 
Formula Xffl is treated with JST-hydroxyphthalimide to provide an W-phmalimide-protected 
lff-imidazo[4,5-c]quinolin-2-yl hydroxylamine of Formula Vila. The reaction is 
conveniently carried out by adding abase, such as triemylarnine, to a solution of N- 
hydroxyphthalimide in a suitable solvent such as i^JV^dimemylfomiamide (DMF); and 
then adding the m-unidazo[4,5.c]quinohne^-amine of Formula Xffl in a suitable solvent 
(for example, DMF) to the resulting mixture. The reaction can be carried out at ambient 
temperature. The product or a pharmaceutically acceptable salt thereof can be isolated 

using conventional methods. 

In step (5) of Reaction Scheme I an j\T-phmalimide-protected l#-irnidazo[4,5- 

c]quinolin-2-yl hydroxylamine of Formula Vila is converted to a liWmidazo[4,5- 
c ]quinolin-2-yl hydroxylamine of Formula XTV. Removal of the iV-phthalimide protecting 
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group is conveniently carried out by adding hydrazine to a suspension of an N- 
phthalimide-protected iH-irnidazo^.S-clquinolin-a-ylhydroxylamine of Formula Vila in 
a suitable solvent such as ethanol. The reaction can be carried out at ambient temperature. 
The product or a pharmaceutical^ acceptable salt thereof can be isolated using 

> 

conventional methods. 

In step (6) of Reaction Scheme I, a lH-imidazo[4,5-c]quinohn-2-yl hydroxylamine 

of Formula XIV is reacted with an aldehyde or ketone of Formula R 2 C(0)R" to provide a 
iH-inudazo^S-^quinolin-Z-yl oxime of Formula mb, which is a subgenus of Formulas I, 
n ffl and Hla. Numerous aldehydes and ketones of Formula R 2 C(0)R» are commercially 
available; others can be readily prepared using known synthetic methods. The reaction can 
be conveniently carried out by adding the aldehyde or ketone of Formula R 2 C(0)R» to a 
IH-imidazo^S-clqumolm^-armne of Formula XTV in a suitable solvent such as 
methanol. The reaction can be carried out at ambient temperature. The product or 
pharmaceutically acceptable salt thereof can be isolated using conventional methods. , 
Ketones such as acetone, tetrahydro-4/f-pyran-4-one, l-acetyl-4-piperidone, l-benzyl-4- 
piperidone, and l-methyl-4-piperidone can be used in step (6) to make preferred 
compounds of the invention. 
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Reaction Scheme I 
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Compounds of the invention can be prepared according to Reaction Scheme H 
where R 2 , R», Rs, R, R", Q» X, X', Hal, and n are as defined above, Boc is tert- 
butoxycarbonyl, and Rs a is 

N S(0) 2 — N— C(O) _ v _^ (CH * )a ^ 

or ^ (CH 2 ) b S wherein V is -N(R8)-C(Rs)-. In 
step (1) of Reaction Scheme E a l/f-imidazo[4,5-c]quinolin-l-yl terf-butylcarbamate of 
Formula XV is treated with JV-hydroxyphthaUmide to provide an ^phmalimide-protected 
m-inudazo[4,5-c]quinolin-2-yl hydroxylamine of Formula XVI, which is a subgenus of 
Formulas VH and Vila. The reaction is conveniently carried out by adding a base, such as 
triethylamine, to a solution of J^hydioxvphtbalimide in a suitable solvent such as DMF; 
and then adding the ltf-imidazo[4,5-c]qumolin-l-yl tert-butylcarbamate of Formula XV in 
a suitable solvent (for example, DMF) to the resulting mixture. The reaction can be 
carried out at ambient temperature. The product or a pharmaceutically acceptable salt 
thereof can be isolated using conventional methods. Compounds of Formula XV can be 
readily prepared using known synthetic routes; see for example, U.S. Patent No. 6,45 1,485 
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(Crooks et al.), and 6,660,747 (Crooks et al.) to prepare a quinoline-SAdiannne that can 
be treated according to steps (1) to (3) of Reaction Scheme I. 

In step (2) of Reaction Scheme H an ^-phthahmide-protected lH-imidazo[4,5- 
c]quinohn-2-yl hydroxylamine of Formula XVI is converted to a lif-imidazo[4,5- 
c]quinolin-2-yl hydroxylamine of Formula XVII. Removal of the TST-phmalimide 
protecting group is conveniently carried out by adding hydrazine to a suspension of an N- 
phmalimide-protected lH-imidazo[4,5- C ]quinolin-2-yl hydroxylamine of Formula XVI in 
a suitable solvent such as ethanol. The reaction can be carried out at ambient temperature. 
The product or a phannaceutically acceptable salt thereof can be isolated using 

conventional methods. 

In step (3) of Reaction Scheme H a l^-imidazo[4,5-c]quinolin-2-yl hydroxylamine 

of Formula XVH is reacted with an aldehyde or ketone of Formula R 2 C(0)R» to provide a 
lH-imidazo[4,5-c]quinolin-2-yl oxime of Formula XVIH, which is a subgenus of 
Formulas I, II, HI and ma. Numerous aldehydes and ketones of Formula R 2 C(0)R" are 
commercial available; others can be readily prepared using known synthetic methods. 
The reaction can be conveniently carried out by adding the aldehyde or ketone of Formula 
R 2 C(0)R" to a solution of the lH-inddazo[4,5- C ]qumolm-4-amine of Formula XVH in a 
suitable solvent such as methanol. The reaction can be carried out at ambient temperature. 
The product or pharmaceutical* acceptable salt thereof can be isolated using conventional 
methods. Ketones such as acetone, tetrahydro-4H-pyran-4-one, l-acetyl-4-piperidone, 1- 
benzyl-4-piperidone, and l-methyl-4-piperidone can be used in this step to make preferred 

compounds of the invention. 

In step (4) of Reaction Scheme H a lH-imidazo[4,5-c]quinolin-2-yl oxime of 
Formula XVIQ is deprotected to provide an amino group at the 1-position of a IH- 
imidazo[4,5-c]quinolin-2.yl oxime of Formula XIX. The reaction can be conveniently 
carried out by dissolving a compound of Formula XVm in a mixture of trifluoro acetic acid 
and a suitable solvent such as dichloromethane. The reaction can be carried out at ambient 
temperature. The product or pharmaceutical* acceptable salt mereof, including the 
trifluoroacetate salt, can be isolated using conventional methods. 

In steps (5) and (5a) of Reaction Scheme II a lH-imidazo[4,5-c]quinolm-2-yl 
oxime of Formula XTX is converted to a lH-imidazo[4,5-c]quinolin-2-yl oxime of 
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Formulas XX or XXI, which are subgenera of Formulas I, II, ffl, and Ula, using 
conventional methods. For example, sulfonamides of Formula XX can be prepared by 
reacting a compound of Formula XDC with a sulfonyl chloride of Formula R4S(0) 2 C1. The 
reaction can be carried out at ambient temperature in an inert solvent such as chloroform 
or dichloromethane by adding the sulfonyl chloride to a compound of Formula XTX in the 
presence of a base such as ^-(msopropylemylamine, triemylamine, or pyridine. 
Sulfamides of Formula XX can be prepared by reacting a compound of Formula XK with 
a sulfamoyl chloride of Formula R^NSCO^Cl or with sulfuryl chloride to generate a 
sulfamoyl chloride in situ, and then reacting the sulfamoyl chloride with an amine of 
Formula HNCROR, The product or a pharmaceutical^ acceptable salt thereof can be 
isolated using conventional methods. Some sulfamoyl chlorides of Formula 
R^NSCO^Cl and many sulfonyl chlorides of Formula R4S(0) 2 C1 and amines of 
Formula HN(Rs)R4 are commercially available; others can be prepared using known 
synthetic methods. 

M another example shown in step (5a) of Reaction Scheme E, a li?-imidazo[4,5- 
c ]quinolin-2-yl oxime of Formula XTX is reacted with a chloroalkanesulfonyl chloride of 
Formula C1-R 7 -S(0) 2 C1 to provide a compound of Formula XXI, wherein R 5a is a ring 

having the structure 

— N — S(0) 2 

C ) 

The reaction is preferably carried out by adding the chloroalkanesulfonyl chloride to a 
solution of a compound of Formula XTX in a suitable solvent such as dichloromethane in 
the presence of a base such as Memylamine. The intermediate chloroalkanesulfonamide 
may optionally be isolated before treatment with a stronger base such as 1,8- 
diazabicyclo[5.4.0]undec-7-ene (DBU) at ambient temperature. If the intermediate 
chloroalkanesulfonamide is isolated, the reaction with DBU can be carried out in a suitable 
solvent such as DMF. The product or a pharmaceutical^ acceptable salt thereof can be 

isolated using conventional methods. 

Amides of Formulas XX and XXI can be prepared from l#-imidazo[4,5- 
c ]quinolin-2-yl oxime of Formula XTX using conventional methods. For example, a 
compound of Formula XTX can be reacted with an acid chloride of Formula RAOCl to 
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provide a compound of Formula XX. The reaction can be carried out by adding the acid 
chloride to a solution of a compound of Formula XIX in a suitable solvent such as 
chloroform, optionally in the presence of a base such as jV^-dtisopropylemylamine, 
triethylamine, or pyridine, at ambient temperature. The product or a pharmaceutically 
acceptable salt thereof can be isolated using conventional methods. 

In another example shown in step (5a), a l#-imidazo[4,5-c]quinolin-2-yl oxime of 
Formula XTX is reacted with a chloroalkanoyl chloride compound of Formula 
C1-R 7 -C(0)C1 to provide a compound of Formula XXI, wherein R 5a is a ring having the 

structure 

— N — C(O) 

The reaction is preferably carried out by adding the chloroalkanoyl chloride compound to a 
compound of Formula XIX in a suitable solvent such as dichloromethane in the presence 
of a base such as AT^-cmsopropylemylamine. The intermediate chloroalkanamide may 
optionally be isolated before treatment with a stronger base such as DBU at ambient 
temperature. If the intermediate chloroalkanamide is isolated, the reaction with DBU can 
be carried out in a suitable solvent such as DMF. The product or a pharmaceutically 
acceptable salt thereof can be isolated using conventional methods. 

Ureas and thioureas of Formulas XX and XXI can be prepared from IH- 
imidazo[4,5-c]quinolin-2-yl oximes of Formula XIX using conventional methods. For 
example, a compound of Formula XIX can be reacted with an isocyanate of Formula 
R4N=C=0. The reaction can be carried out by adding the isocyanate to a solution of a 
compound of Formula XIX in a suitable solvent such as chloroform, optionally in the 
presence of a base such as ^-misopropylethylamine, or triethylamine, at ambient 
temperature. Alternatively, a compound of Formula XDC can be reacted with a 
thioisocyanate of Formula R4N=C=S, a sulfonyl isocyanate of Formula R4S(0) 2 N=C=O or 
a carbamoyl chloride of Formula R4N(R8)C(0)C1. The product or a pharmaceutically 
acceptable salt thereof can be isolated using conventional methods. 
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Reaction Scheme II 
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Compounds of the invention can be prepared according to Reaction Scheme HI 
where R 2 , R", and n are as defined above; Xc is C H0 alkylene; P is a removable protecting 
group, such as an alkanoyloxy group (e.g., acetoxy) or an aroyloxy group (e.g., 
benzoyloxy); Re is selected from the group consisting, of hydroxy, alkyl, alkoxy, -N(R 9 ) 2 ; 
and R, c is a subset of Ri as defined above, which does not include those groups that one 
skilled in the art would recognize as being susceptible to reduction in step (5). These 
groups include, for example, alkenyl, alkynyl, and aryl groups, and groups bearing mtro 
and -S- substitutents. 
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In step (1) of Reaction Scheme m a quinpline-3,4-diamine of Formula Xa is 
reacted with a carboxylic acid of the formula, HO-X-CO2H, with a trialkyl orthoester of 
the formula, HO-X-C(0-Cm alkyl) 3 , or with a combination thereof (wherein "alkyl" is a 
straight or branched chain) to provide a l#-rniidazo[4,5-c]qumolin-2-yl alcohol of 
Formula XXII. The reaction is run with sufficient heating to drive off any alcohol or water 
formed as a byproduct of the reaction. Optionally a catalyst such as pyridine hydrochloride 
can be included. Compounds of Formula Xa are a subset of compounds of Formula X, 
which are shown in Reaction Scheme L 

In step (2) of Reaction Scheme HI, the hydroxyl group of a l#-imidazo[4,5- 
c]quinoline of Formula XXII is protected with a removable protecting group such as an 
alkanoyloxy group (e.g., acetoxy) or aroyloxy group (e.g., benzoyloxy) to provide a IH- 
imidazo[4,5-c]quinoline of Formula XXm. Suitable protecting groups and reactions for 
their placement and removal are well known to those skilled in the art. See, for example, 
U.S. Patent No. 4,689,338 (Gerster), Examples 115 and 120 and 5,389,640 (Gerster et al.), 
Examples 2 and 3. 

For some embodiments, it is possible to combine steps (1) and (2) when an acid 
chloride of the Formula PO-X-C0 2 Cl is used under the conditions of step (1). Some acid 
chlorides of this type, for example, acetoxyacetyl chloride, are commercially available. 

» 

In step (3) of Reaction Scheme HI, a lif-inndazo[4,5-c]quinoline of Formula XXID 
is oxidized to provide an JV-oxide of Formula XXTV using a conventional oxidizing agent 
that is capable of forming JV-oxides. The reaction can be carried out by treating a solution 
of a compound of Formula XXIH in a suitable solvent such as chloroform or 
dichloromethane with 3-chloroperoxybenzoic acid at ambient temperature. 

In step (4) of Reaction Scheme m, an JV-oxide of Formula XXIV is aminated and 
the protecting group removed to provide a li7-iniidazo[4,5-c]qumolme-4-amine of 
Formula XXV. The amination reaction is carried out in two parts. In part (i) a compound 
of Formula XXTV is reacted with an acylating agent. Suitable acylating agents include 
alkyl- or arylsulfonyl chorides (e.g., benzenesulfonyl choride, methanesulfonyl choride, or 
^-toluenesulfonyl chloride). In part (ii) the product of part (i) is reacted with an excess of 
an aminating agent. Suitable aminating agents include ammonia (e.g. in the form of 
ammonium hydroxide) and ammonium salts (e.g., ammonium carbonate, ammonium 
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bicarbonate, ammonium phosphate). The reaction can be carried out by dissolving a 
compound of Formula XXTV in a suitable solvent such as dichloromethane or chloroform, 
adding ammonium hydroxide to the solution, and then adding p-toluenesulfonyl chloride. 
The protecting group is removed by using conventional methods. The product or a 

5 pharmaceutically acceptable salt thereof can be isolated using conventional methods. 

In step (5) of Reaction Scheme HI a lH-imidazo[4,5-c]quinoline-4-amine of 
Formula XXV is reduced to provide a 6,7,8,9-tetrahydro-liy-imidazo[4,5-c]quinoline-4- 
amine of Fonnula XXVI. The reaction can be conveniently carried out by suspending or 
dissolving a compound of Formula XXV in ethanol, adding a catalytic amount of rhodium 

10 on carbon, and hydrogenating. Alternatively, the reaction can be carried out by suspending 
or dissolving a compound of Fonnula XXV in trifluoroacetic acid, and adding 
platinum(IV) oxide, and hydrogenating. The reaction can be carried out in a Parr 
apparatus. The product or a pharmaceutically acceptable salt thereof can be isolated using 
conventional methods. 

15 In step (6) of Reaction Scheme m a 6,7,8,94etrahydro-l//-imidazo[4,5-c]quinolin- 

4-amine of Formula XXVI is treated with N-hydroxyphthalimide under Mitsunobu 
reaction conditions to provide an iV-phthaliinide-protected 6>7,8,9-tetrahydro-l#- 
imidazo[4,5-c]quinolin-2~yl hydroxylamine of Fonnula VHc. The reaction is conveniently 
carried out by adding triphenylphosphine and AT-hydroxyphthalimide to a solution of a 

20 compound of Formula XXVI in a suitable solvent such as tetrahydrofuran or DMF, and 

then slowly adding diethyl azodicarboxylate or diisopropyl azodicarboxylate. The reaction 
can be carried out at ambient temperature or at an elevated temperature, such as 60 °C. 
The product or a pharmaceutically acceptable salt thereof can be isolated using 
conventional methods. 

25 Alternatively, step (6) may be carried out in two parts by (i) converting the hydroxy 

group in a compound of Formula XXVI to a leaving group and (ii) displacing the leaving 
group with iV-hydroxyphthalimide in the presence of a base. Part (i) of step (6) is 
conveniently carried out by treating the hydroxy-substituted 6,7,8,9-tetrahydro-li?- 
imidazo[4,5-c]quinoline-4-ainine of Formula XXVI with thionyl chloride in a suitable 

30 solvent such as 1,2-dichloroethane. The reaction may be carried out at ambient 

temperature, and the product may be isolated by conventional methods. Part (ii) of step (6) 
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can be carried out under the conditions described in step (4) of Reaction Scheme I, and the 
product of Formula VHc or pharmaceutical^ acceptable salt thereof can be isolated using 

conventional methods. 

In step (7) of Reaction Scheme m an N-phthalimide-protected 6,7,8,9-tetrahydro- 

ltf-imidazo[4,5-c]quinolin-2-yl hydroxylamine of Formula VHc is converted to a 6,7,8,9- 
tetrahydro4H-imidazo[4,5-c]quinolin-2-yl hydroxylamine of Formula XXVH. Removal 
of the ^-phmalimide protecting group is conveniently carried out by adding hydrazine to a 
suspension of an A^phmalimide-protect^ 

2-yl hydroxylamine of Formula VHc in a suitable solvent such as ethanol. The reaction 
can be carried out at ambient temperature. The product or a pharmaceutically acceptable 
salt thereof can be isolated using conventional methods. 

In step (8) of Reaction Scheme m a 6,7,8,9-tetrahydro4H-imidazo[4,5-c]qumolin- 
2-yl hydroxylamine of Formula XXVII is reacted with an aldehyde or ketone of Formula 
R 2 C(0)R" to provide a 6,7,8,9-tetrahydro-li/-inndazo[4,5-c]qumolin-2-yl oxime of 
Formula IVb as in step (3) of Reaction Scheme II. The product or pharmaceutically 
acceptable salt thereof can be isolated using conventional methods. 
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Compounds of the invention can be prepared according to Reaction Scheme IV 
where R„ R 2 , R, R", and X are as defined above, hal is bromo or iodo, p is 0 to 3, and R 3a 
is -R4 b , -X\-R4, -XVY-R4, or -X' b -R 5 ; where X' a is alkenylene; X' b is arylene, 
heterolrylene, and alkenylene interrupted or terminated by arylene or heteroarylene; R4 b is 
aryl or heteroaryl where the aryl or heteroaryl groups can be unsubstituted or substituted as 
defined in R4 above; and R», R 5 , and Y are as defined above. In step (1) of Reaction 
Scheme IV a halogen substituted IH-imidazo^S-clquinolin^-yl oxime of Formula HIc is 
coupled with a boronic acid of the formula R 3a -B(OH) 2 (or Ihe corresponding anhydride or 
esters, R 3a -B(0-alkyl) 2 , thereof) using Suzuki coupling conditions to provide a \H- 
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imidazo[4,5-c]qumolin-2-yl oxime of Formula IHd. A compound of Formula Hie is 
combined with a boronic acid of the formula R 3a -B(OH) 2 or an ester or anhydride thereof 
in the presence of palladium (II) acetate, triphenylphosphine and a base such as aqueous 
sodium carbonate in a suitable solvent such as w-propanol or n-propanol and water. The 
reaction can be carried out at an elevated temperature (e.g., 80 "C-100 °C). The product or 
a pharmaceutically acceptable salt thereof can be isolated using conventional methods. 
Halogen substituted lH-imidazo[4,5-c]quinolin-2-yl oximes of Formula IHc can be 
prepared as described above in steps (l)-(6) of Reaction Scheme I or steps (1) - (5) or (5a) 
or Reaction Scheme H, wherein one of the R groups is hal. Numerous boronic acids of 
Formula R 3a -B(OH) 2 , anhydrides thereof, and boronic acid esters of Formula 
R 3a -B(0-alkyl) 2 are commercially available; others can be readily prepared using known 
synthetic methods. 
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Compounds of the invention can be prepared according to Reaction Scheme V 
where Ri, R 2 , R", R X, and Hal, are as defined above; E is carbon (imidazoquinoline 
ring) or nitrogen (irmdazonaphmyridine ring); n is an integer from 0 to 4 
(imidazoquinoline ring) or 0 to 3 (irmdazonaphmyridine ring) with the proviso that when 
m is 1 , then n is 0 or 1 ; and D is -Br, -I, or -OCH 2 Ph; wherein Ph is phenyl. In step (1) of 
Reaction Scheme V, an aniline or aminopyridine of Formula XXVm is treated with the 
condensation product generated from 2,2-dimethyl-l,3-dioxane-4,6-dione (Meldrum's 
acid) and triethyl orthoformate to provide an imine of Formula XXTX. The reaction is 
conveniently carried out by adding a solution of an aniline or aminopyridine of Formula 
XXVm to a heated mixture of Meldrum's acid and triethyl orthoformate and heating the 
reaction at an elevated temperature. The product can be isolated using conventional 
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methods. Many anilines and aminopyridines of Formula XXVUI are commercially 
available; others can be prepared by known synthetic methods. For example, 
benzyloxypyridines of Formula XXVIII can be prepared using the method of Holladay et 
al., Biorg. Med. Chem. Lett., 8, pp. 2797-2802, (1998). 

In step (2) of Reaction Scheme V, an imine of Formula XXTX undergoes 
thermolysis and cyclization to provide a compound of Formula XXX. The reaction is 
conveniently carried out in a medium such as DOWTHERM A heat transfer fluid at a 
temperature of 200 °C to 250 °C. The product can be isolated using conventional 
methods. Isomers of the compound of Formula XXVUI or Formula XXX, wherein E is 
nitrogen, can also be synthesized and can be used to prepare compounds of the invention. 

In step (3) of Reaction Scheme V, a compound of Formula XXX is nitrated under 
conventional nitration conditions to provide a compound of Formula XXXI. The reaction 
is conveniently carried out by adding nitric acid to the compound of Formula XXX in a 
suitable solvent such as propionic acid and heating the mixture at an elevated temperature. 
The product can be isolated using conventional methods. 

In step (4) of Reaction Scheme V, a 3-nitro[l,5]naphthyridin-4-ol or 3- 
nitroquinolin-4-ol of Formula XXXI is chlorinated using conventional chlorination 
chemistry to provide a 4-cMoro-3-mtro[l,5]naphmyridine or 4-chloro-3-nitroqumoline of 
Formula XXXH. The reaction is conveniently carried out by treating the compound of 
Formula XXXI with phosphorous oxychloride in a suitable solvent such as DMF. The 
reaction can be carried out at ambient temperature or at an elevated temperature such as 
100 °C, and the product can be isolated using conventional methods. 

The 4-cMoro-3-mtro[l,5]naphmyridine of Formula XXXH wherein m and n are 
both 0 is known and can be readily prepared using a known synthetic route; see for 
example, U.S. Patent No. 6,194,425 (Gerster et al.). 

In step (5) of Reaction Scheme V, a 4-cWoro-3-nitro[l,5]naphthyridine or 4- 
chloro-3-nitroquinoline of Formula XXXH is treated with an amine of Formula Ri-NH 2 to 



provide a compound of Formula XXXm. Several amines of Formula Ri-NH 2 are 
commercially available; others can be prepared by known synthetic methods. The reaction 
is conveniently carried out by adding the amine of Formula R-NH 2 to a solution of the 4- 
cMoro-3-nitro[l,5]naphmvridine or 4-cMoro-3-mtroquinoline of Formula XXXfl in a 
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suitable solvent such as dichloromethane in the presence of a tertiary amine such as 
triethylarnine. Hie reaction can be carried out at ambient temperature or at a sub-ambient 
temperature such as, for example, 0 <>C. The reaction product can be isolated using 
conventional methods. 

• In step (6) of Reaction Scheme V, a compound of Formula XXXm is reduced to 
provide a diamine of Formula XXXIV. The reaction can be carried out by hydrogenation 
using a heterogeneous hydrogenation catalyst such as palladium on carbon or platinum on 
carbon. The hydrogenation is conveniently carried out in a Parr apparatus in a suitable 
solvent such as toluene, methanol, acetonitrile, or ethyl acetate. For compounds of the 
Formula XXXm wherein m is 1 and D is -OCH 2 Ph, the preferred catalyst is platinum on 
carbon. The reaction can be carried out at ambient temperature, and the product can be 

isolated using conventional methods. 

Alternatively, the reduction in step (6) can be carried out using nickel boride, 
prepared in situ from sodium borohydride and nickel(H) chloride. The reduction is 
conveniently carried out by adding a solution of a compound of Formula XXXEI in a 
suitable solvent or solvent mixture such as dichloromethane/methanol to a mixture of 
excess sodium borohydride and catalytic nickel(II) chloride in methanol. The reaction can 
be carried out at ambient temperature. The product can be isolated using conventional 
methods. 

In step (7) of Reaction Scheme V, a diamine of Formula XXXTV, is reacted with a 
carboxylic acid equivalent to provide a lH-imidazo^S-cltl.Slnaphthyridine or IH- 
imidazo[4,5-c]quinoline of Formula XXXV. The carboxylic acid or equivalent is selected 
such that it will provide the desired -X-Hal substituent in a compound of Formula XXXV 
and the reaction can be carried out as described in step (1) of Reaction Scheme I. When an 
acid chloride, for example chloroacetyl chloride, is used as the carboxylic acid equivalent, 
the reaction can be carried out in two steps. Part (i) of step (7) is conveniently carried out 
by adding the acid chloride to a solution of a diamine of Formula XXXTV in a suitable 
solvent such as dichloromethane, chloroform, or acetonitrile. Optionally, a tertiary amine 
such as triethylarnine, pyridine, or 4-dimemylaminopyridine can be added. The reaction 
be carried out at ambient temperature. The amide product or the salt thereof can be 
isolated and optionally purified using conventional techniques. Part (ii) of step (7) 



can 
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involves heating the amide prepared in part (i) in the presence of base to provide a IH- 
imidazo[4,5- C ][l,5]naphthyridine or l/f-imidazo^S-clquinoline of Formula XXXV. The 
reaction is conveniently carried out in a suitable solvent such as ethanol in the presence of 
a base such aqueous sodium hydroxide, aqueous potassium carbonate, or triemylarnine at 
, ..... J . t„ e™ stance* the oroduct of Formula XXXV may be obtained 



of Formula XXXIV 



ethyl chloroacetimidate hydrochloride as the carboxylic acid equivalent to provide a 
compound wherein X is methylene. The reaction is carried out in a suitable solvent such 
as chloroform at ambient temperature and the product of Formula XXXV can be isolated 
using conventional methods. Ethyl chloroacetimidate hydrochloride is a known compound 
that can be prepared according to the literature procedure: Stillings, M. R. et al., J. Med. 

Chem., 29, pp. 2280-2284 (1986). 

In steps (8) - (10) of Reaction Scheme V, a chloro-substituted l#-imidazo[4,5- 
c][l,5]naphthyridine or IH-inudazo^S-cJquinoline of Formula XXXV can be converted 
into phthalimide-substituted lK-iniidazo^S-cltl.SjnaphmyridUn^-anune or 1H- 
imidazo[4,5- C ]qumolm-4-amine of Formula XXXVffl using the chemistry described in 
steps (2) - (4) of Reaction Scheme I. Steps (8) and (9) can alternatively be combined and 
carried out as a one-pot procedure by adding 3-chloroperoxybenzoic acid to a solution of a 
compound of Formula XXXV in a solvent such as dichloromethane or chloroform and 
then adding ammonium hydroxide andp-toluenesulfonyl chloride without isolating the N- 
oxide of Formula XXXVI. Compounds of Formula XXXVI, XXXVII, and XXXVDI or 
their pharmaceutical^ acceptable salts can be isolated using conventional methods. 

In steps (11) and (12) of Reaction Scheme V, a phmalimide-substituted li7- 
imidazo[4,5-c][l,5]naphmyriam^ainine or lH-imidazo[4,5-c]quinolm-4-ainine of 
Formula XXXVTII is converted to a hydroxylamine-subsitituted l#-imidazo[4,5- 
c][l,5]naphmyridm-4-amineor lH-imidazo[4,5-c]qumolm-4-amine of Formula XXXTX 
which is condensed with an aldehyde or ketone to form an oxime of Formula XL, 
sequentially using the chemistry described in steps (5) and (6) of Reaction Scheme I. 
Compounds of Formula XXXTX and XL or their pharmaceutically acceptable salts can be 
isolated using conventional methods. 
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For some embodiments, compounds shown in Reaction Scheme V can be further 
elaborated using conventional synthetic methods. For example, an amine of Formula 
Rr NH 2 , used in step (5) of Reaction Scheme V, may contain a protected functional group, 
such as a ^-butoxycarbonyl-protected amino group. The protecting group may be 
removed after step (12) of Reaction Scheme V to reveal an amine on the R, group. An 
amino group introduced in this manner may be further functionalized using the chermstry 
described in steps (5) and (5a) of Reaction Scheme H to provide compounds of the 
Formula XL in which R t is -X' -WQ-R* or -X>-R 5 , Alternatively, the protecting 
group may be removed after step (7) in Reaction Scheme V and the resulting amino group 
may be functionalized as described above before step (8). The resulting compound of 
Formula XXXV can be subjected to steps (8) - (12) of Reaction Scheme V to provide a 
compound of Formula XL wherein Ri is -X'-N^-Q-R, or -X'-Rsa- 

Alternatively, the amine of Formula R*-NH 2 used in step (5) of Reaction Scheme V 
may contain an appropriately-protected hydroxyl group, for example, a tert- 
butylciimethylsilyl-protected hydroxyl group. The protecting group may be removed after 
step (12) in Reaction Scheme V to provide an alcohol on the Rl group. An alcohol 
introduced in this manner into a compound of Formula XL may be converted into a 
hydroxylamine upon treatment with ^hydroxyphthalimide using the Mitsunobu reaction 
conditions described in step (6) of Reaction Scheme m, followed by deprotection of the 

resultmgphmalirmde-p^ A 
hydroxylamine on the * group can undergo reaction with a ketone or aldehyde of Formula 
Rt'C(0)Ri" to form an oxime using the reaction conditions described in step,(6) of 
Reaction Scheme I to yield a compound of Formula XL in which Rt is 
-X"-0-N=C(R,')(Ri") where X", Ri', and R x n are as defined above. 

A hydroxylamine on the R, group of a compound of Formula XL, prepared as 
described above, can also be further functionalized to a compound of the Formula XL in 
which R, is -X»-0-NRu-Y?-Rn, wherein Y 1 is -C(0)-, -S(0) 2 -, -C(0)-N(Rs)-, 
-C(S)-N(Rs)-, -C(0)-N(Rs)-S(0) 2 -, -C(0)-N(Rs)-C(0)-, -S(0) 2 -N(Rs)-; R,. is hydrogen, 
and R lb is as defined above using, respectively, an acid chloride, a sulfonyl chloride or a 
sulfonic anhydride; an isocyanate; an acyl isocyanate, an isothiocyanate, a sulfonyl 
isocyanate, a carbamoyl chloride, or a sulfamoyl chloride. The reaction can be carried out 
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using the conditions described in step (5) of Reaction Scheme H. A large number of the 
reagents listed above are commercially available; others can be readily prepared using 

known synthetic methods. 

A compound of Formula XL in which R, is -X"-0-NRi a -Y'-R lb wherein Y' is a 
bond -C(O)-, -C(S)-, -S(0) 2 -, or -C(0)-C(0)-; R lb is defined above, and R la is hydrogen, 
can be derivatized further upon treatment with an alkylating agent that is generated in situ 
from an alcohol of Formula R la -OH under Mitsunobu reaction conditions (described in 
step (6) of Reaction Scheme EI) or an alkylating agent of Formula R la -Br or R la -I in the 
presence of abase such as cesium carbonate in a suitable solvent such as DMF. The later 
reaction may be carried out at ambient temperature for reactive alkylating agents such as, 
for example, methyl iodide, benzyl bromide, and substituted benzyl bromides, or at an 
elevated temperature. Optionally, catalytic tetrabutylammonium hydrogensulfate can be 
added The product or pharmaceutical^ acceptable salt thereof can be isolated by 
conventional methods. One skilled in the art would recognize that the reactions described 
for the alkylation step would probably not be successful for R la groups that are difficult to 
introduce via bimolecular nucleophilic substitution reactions. These groups include, . for 

example, sterically hindered alkyl groups. 

A compound of Formula XL in which R, is -X»-0-NR la -Y'-R lb , where R la and R lb 
together with the nitrogen atom and Y' group to which they are bonded join together to 

_ N _ C (0) -N~S(0) 2 
form a ring of Fonnula C ^ or **' , can be prepared in a two-step 
procedure from a compound of Formula XL in which R, is -X»-0-NH 2 , using the methods 
described in step 5a of Reaction Scheme I. Alternatively, a reagent of the Formula 
P-0-R 7 C(0)Cl, wherein P is a protecting group, may react with a compound of Formula 
XL in which R, is -X»-0-NH 2 to generate an isolable intermediate that can then be 
deprotected to yield a hydroxyalkanamide. The isolable hydroxyalkanamide is cyclized 
under Mitsunobu conditions, described in step (6) of Reaction Scheme IE. The product or 
pharmaceutical acceptable salt thereof can be isolated using conventional methods. . 
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Reaction Scheme V 
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Compounds of the invention oan be prepared according to Reaction Scheme VI, 
whereinD, E, R, R„ Ra, R". and hal are as defined above, m is 1, n is 0 or 1, and R„ and 
are as defined below, In Reaction Scheme VI, when D is -Br or -I, step (1) is naed to 
convert a hydmxvlanune-subatituted l/f-inndaxo[4,5-c]qnmolme^amine or IH- 
imidazo[4,5-cl[l,5)naphmvtidm^amine of Formnla XXXK to an oxime-snbstitnted 
W-inndazo^qumolme^amine or UMnudazo[4,5-e][l ,5]naphthvTidine-i-amme of 
Formula XI* a subgenus of Formulas I and n, as in step (12) of Reaction Scheme V, 
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In step (2) of Reaction Scheme VI, abromo- or iodo-substituted l#-imidazo[4,5- 
c]qumolme-4-amine or lH-iini(ia Z o[4,5-c][l,5]naphthyridine-4-amine of Formula XLI can 
undergo known palladium-catalyzed coupling reactions such as the Suzuki coupling and 
the Heck reaction. For example, a bromo or iodo-substituted compound of Formula XLI 
undergoes Suzuki coupling with a boronic acid of Formula R 3 a-B(OH) 2 , an anhydride 
thereof, or a boronic acid ester of Formula R 3 a-B(0-alkyl) 2 , wherein R 3a is as defined 
above, according to the method described in Reaction Scheme IV. The product of 
Formula XLH, a subgenus of Formulas I and H wherein R 3b is the same as R 3a , or a 
pharmaceutically acceptable salt thereof can be isolated by conventional methods. 

The Heck reaction can also be used in step (2) of Reaction Scheme VI to provide 
compounds of Formula XLH, wherein R 3b is -XVR* and -XVY-R4, wherein X' a , Y, R4b, 
and R4 are as defined above. The Heck reaction is carried out by coupling a compound of 
Formula XLI with a compound of the Formula H 2 C=C(H)-R4b or H 2 C=C(H)-Y-R4. 
Several of these vinyl-substituted compounds are commercially available; others can be 
prepared by known methods. The reaction is conveniently carried out by combining the 
compound of Formula XLI and the vinyl-substituted compound in the presence of 
palladium (H) acetate, triphenylphosphine or tri-^o-tolylphosphine, and a base such as 
triemylamine in a suitable solvent such as acetonitrile or toluene. The reaction can be 
carried out at an elevated temperature such as 100 °C -120 °C under an inert atmosphere. 
The product of Formula XLH or pharmaceutically acceptable salt thereof can be isolated 

using conventional methods. 

Compounds of Formula XLH, wherein R 3b is -XVR4, X' c is alkynylene, and R4 is 
as defined above, can also be prepared by palladium catalyzed coupling reactions such as 
the Stille coupling or Sonogashira coupling. These reactions are carried out by coupling a 
compound of Formula XLI with a compound of the Formula (alkyl) 3 Sn-C=C-R4, 

(alkyl) 3 Si-OC-R4, orH-OC-Ri. 

Compounds of Formula XLH prepared as described above by palladium-mediated 

coupling reactions, wherein R 3b is -XVR4, -X VY-R4, -X'w-Y-R* -X' b2 -R 5 , or -XVR4, 
where X' b2 is alkenylene interrupted or terminated by arylene or heteroarylene, and X' a , 
X'c, Y, R4, and R 5 are as defined above, can undergo reduction of the alkenylene or 
alkynylene group present to provide compounds of Formula XL wherein R 3b is -XVR4, 
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-XVY-fa, -XVY-fa. or -XVfa. where V. » — *. - alxylene — - - 
.cninated by arylene or hetemarylene; and R4, fa. and Y are as defined above. Tbe 
auction can be earned ont by hydrogenation using a conventions! heterogeneous 
hy<Jr o g enation catalyst such as palladium on carbon. Tbe reaction can conventenuy be 
earned on, on aParr apparatus in a suitable solvent such as ethano!, memanol, or nuxtures 
fcereof. Tbe product or pbamracentically acceptable salt thereof can be isolated usnrg 

conventional methods. 

Compounds of Formula XXXK wherein D is -OC&Ph can be converted m 
Reaction Scheme VI to compounds of Formula XLV wherein R* is -O-fas, -OX -fa, 
-O-X'-Y-fa, or -O-X'-fa; whereinfa, fa t , fa, X, and Y are as define* above. In smp 
na) of Reaction Scheme VI, me benzyl group in a W-imidazo^-chuinoline^-amme or 
1 *.imida 2 o [ 4,5-c ][ l,5]naphm^^ 

-OCH 2 Ph, is cleuved .0 provide a hydroxy group. The cleavage is conven.en.ly earned 
„„ a Parr apparatus under hydrogenolysis conditions using a suitable heterogeneous 
catidys. such as palladium or platinum on carbon in a solvent such as ethanol. 
Alternatively, me reaction can be curried on, by tiansfer hydrogenation in tire presence of a 

««* hydrogenation catalyst. The tiansfer hydrogenation is convened, - -.by 

- .J.X-T7 — ,i„ yyvty m a suitable 



adding ammonium ionuow w « » - 

solvent such as ethane! in tire presence of a catalyst such as palladium on carbon. The 
.eaction is carried on. a. an eleva^d temperature, for example, me refluxing temperature 
of me solvent Tbe produe, of Formula XUtt or pharmaceutical!, acceptable sal. thereof 
can be isolated using conventional methods. 

to step (lb) of Reaction Scheme VI. a hydmxylanrine-subs.itu.ed W-nmdazo^S- 
c „mnoline-4-amme or 1H .imidazo[4.5-e][l^hthyridjne^anrine of Formula XUH ts 
converted m an oxime-subsutured l»-mridazo[4,5^quinolme^-amme or 1H- 
hmdazo[4,5-c 1 [1.5]naphmyridine-4-amme of Formula XUV. a subgenus of Formulas 
and HacconHng to the method of step (12) of Reaction Scheme V. 

In step (2a) of Reaction Scheme VI, a hydroxy-substituted oxnne of Formula XUV 
is converted .0 a compound of Formula XLV, a subgenus of Formula I and E whemm fa, 
is Ofas ^X'.fa,-C-X'-Y-fa,or-0-X.fa,usingaWmiamson-typeemersynmes, S . 

Tie reaction is effected by beating a hydroxy-substituted .S-imidazo^S-dqumoune^- 
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amine or l«-innda Z o[4,5-c][l,5]naphth y ridine.4-a I nine of Formula XLIV with an aryl, 
alkyl or arylalkylenyl halide of Formula Halide-IU, Halide-alkylene-R,, Halide-alkylene- 
Y-R,' orHaUde-alMene-R^mepresenceofabaae. Numerous alkyl, arylalkylenyl, and 
ary! halides of these formulas are commercially available, including substituted benzyl 
bromides and chlorides, substituted or urtsubstituted alkyl or arylrdkylenyl bromides and 
chlorides, and substituted fluorobenzenes. Other halides of these fonnulas can be prepared 
using conventional synthetic methods. The reaction is conveniently carried out by 
combining an alkyl, arylalkylenyl, or aryl halide with the hydroxy-subsututed compound of 
Formula XLW in a solvent such as DMF in the presence of a suitable base such as cesmm 
cartons*. OptionaUy,caWyric,ehabu^anunomumbromidecanbeadded. Thereaction 
can be carried out at ambient temperature or at an elevated temperature, for example 65 °C 
or85*C depending on the reactivity of the halide reagent. Alternatively, step (2a) may be 
carried out using the Ullmann ether synthesis, in which an alkali metal aryloxide prepared 
ftom the hydroxy-substtated compound of Fotmula XLIV reacts with an aryl hahde m the 
presence of copper salts, to provide a compound of Formula XLV, where rs -O-R* 
-0-XVR4 or-O-XVY^whereinXViaanaryleneorheteroarylene. Numerous 
subsututed and unsnbstituted aryl halides are commercially available; others can be 
prepared using conventional method, The product of Formula XLV, prepared by either of 
tee methods, or pharmaceutical* acceptable salt thereof can be isolated usrng 
conventional methods. 
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Reaction Scheme VI 
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Wiments compounds of the invention are prepared according to 
For some embodiments, compuuu , d 

c v, VTT whereRi R 2 , R' % Rea, X, and Hal are as defined above, and 
Reaction Scheme VD, where Ri, K* , dichloro . 3 .nitropyridine of 

P^sphenvl. ^-^ofReacfionSch^,^ 

1 vt\/t« reacted with an amine of the r ormuia Ji2^ * i 
Formula XLVI is reacieawim mithv combining an 

, vr^m ThP reaction is convemently earned out oy comuum 6 
nitropyridine of Formula XLVn. The reaction 

' i w "NT "R a nda2 4-dichloro-3-nitropyndmeofFormulaXLVimm 

amine of Formula H2N-R1 and a z^ui The reaction can 

f a base such as triemylamine in an inert solvent such as DMF. The reaction 
preS ence of a base such s Y ^ ^ ^ ^ ^ ^ 

be carried out at ambient temperature, P comme rcially 

mixture using conventional methods. Many amines of Formula H 2 N Ri ar 
mixture usmg methods. Many 2,4-dichloro-3- 

available; others can be prepared by known yn 

mtropyridines of the Formula XLVI are known and can be readily prepared 
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« 

„ • + oi TTS Pat No. 6,525,064 and the 
synthetic methods (see, for example, Dellana et al, U.S. Pat. JN 

references cited therein). , ^troovridine of Formula XLVn is 

Tn steo (2) of Reaction Scheme VTI, a 2-chloro-3-nitropyncime 
hi step yj.) OI f^^nlori 5-a1pyridin-7-armne of 

reacted with an alkali metal azide to provide an 8-mtrotetrazolo[l,5 ajpyn 

reacted witn combining the compound of Formula 

„ « yi vm The reaction can be earned oui o> w 

Formula XLVTH. mere wiumaz ide in a suitable solvent such as 

XLVn with an alkali metal azide, for example, sodium azide, i 

I / ater oreferably90/10acetomtrile/water,inmepresenceofcenu^^ 
acetomtnle/water, preferably yu/i r^rionallv the reaction can be 

1.1 a. meferablv cerium(HD chloride heptahydrate. Optionally, tne 
chlonde, preferably cen tem perature. Alternatively, the reaction 

Zl — * ^ suitab.e ^ - - OM, 

. ii *u„ «r^pnce of ammonium chlonde. ine 
example to about 50-60 °C, optionally m the presence ot amm 

p^duct can be isolated ftom (he reaction mixture using conventional method^ 

b step (3) of Reaction Scheme VH. an 8-nitro te trazolo [ l,5-a]pynd 1 n-7-annne of 
ampw . VLTX The reaction can be 

Formula XLVHI is reduced to provide a compound of Formula XLTX. 1 

Formula x^viu weroeeneous hydrogenation catalyst such as 

^rr^rf out bvhydrogenationusmg a heterogeneous nyui B 

earned out oy nyor 6 hvd roeenation is conveniently earned 

r "i-trr m — — • - - 

n — an he carried out a, anient temperatine, and the product can he 

isolated using conventional methods. . f 

fc step (4) of Reaction Scheme W, atetinzolotl.5-alpynd.ne-7, -drannn of 

, « « is reacteo with a caxboxyUc acid or an equivalent thereof to prov.de a 7* 
Formula XLK,^reacted vn ^ ^ ^ ^ „ 

tadazot^-cltetiazol 1,5 *yn ^ ^ rf Fomula 

Formula L Lated with Wydroxyphmahm.de to provide a compound of Formnia U, 
Formula J- is vrcai^ ^ ration is conveniently 

wh ich contains a ^hmalimide-preUcled hydroxylamme. V* reaction - co 

0 luried out as described in step (4) of Reaction Scheme L The product 
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to step (6) of Reaction Scheme Vft tire Jv-phmalinnde-pro.ec.ed hydroxylamine of 
Fo mru,a LI is tieated with hydrate in a sunable so.ven. such as ethano! to pmvidea 
hydmxylamhre of Formula UL The reaction can he carried on, a, ambren, tempore 
and the product can be isolated from the reaction mixhrre nsing conventions, metitod, 

to step (7) Reaction Scheme VH tire hydroxylamhre group in a 7f/-nrudazo(4,5- 
M*. pyridine of Formuta UI reacts witir an aldehyde or ketone of Formula 
R 2 C(0)R" to provide an oxime of Formula VE The reaction can be earned out usrng the 
editions described above in step (6) of Reaction Scheme I and the product can he 
isolated from the reaction mixture using conventional methods. 

In step (8) of Reaction Scheme VE, the tetrazolo ring is removed from a 1H- 
Mda^t^ten^W^lPyridmeofFormmaVmbyreactionwift 

■ niphenylphosphine to form an TV-triphenylphosphrny. immediate of Formula LUL The 
reaction with hiphenylphosphine can he mn in a suitable advent such as toluene or U- 
oichlorobenzene under an ahnosphere of nitrogen wim heating, for example a, the reflux 

^tTtep (9) of Reaction Scheme VH, an ^-triphenylphosphinyl intermediate of 
Formula UH is hydrolyzed «o pmvide an oxime-snbstititted Itf-imida^ 

ane of Fonnula VI. The hydrolysis can be carried out by general methods well known 
„ those skUled in tire art, for exatnple, by heating in a lower alkanol or an alkanol/wator 
solution in tire presence of an acid such as trifluoroacetic acid, acetic acid, or hydrochlonc 
acid The product can be isolated from the reaction mixture using conventional meftrods 
as tire compound of Formula VI or as a pharmaceutical* acceptable sal, thereof. 

For some embodiments, compounds shown in Reaction Scheme VII can be further 
elaborated using conventional symhetic methods. For Example, amines of Formula 
R1-NH2, used in step (1) of Reaction Scheme Vfl, may contain a protected functional 
^np auchasatert-bntoxycaftonyl-protectedamhrogmup. The protecting group may be 
removed later in Reaction Scheme VII after step (4) to reveal, tor example, an amure on 
toeR, group of a compound of Fonnula L. An amino group introduced in this mtmast 
may be firrther functionalized by applying tire chemistry described in steps (5) arrd (5a) of 
> Reaction Scheme II to pmvide compounds of tire Fonnula L in which R, ts 



amine 
to 
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V » which can be converted into compounds of the Formula VI 
" " X rtTm - (9) of Reaction Scheme VH. Alternatively, me 
nsing the chemistry descnbeti „ (5) « ^ ^ ^ _ ^ 

^.oupn.yheremov^^o ^ 

on the Ri group of a compound of Formula VU1 ^ to whkh R , 

fcnctionanzed as descrihed above » provide compound, of me Fomrula 

is -X'-NCRaHMU or -X-R*. which can be converted mto compounds of me Formula 

is A ini>wv Reao ti<m Scheme VII. 

ustag die chemistry described m steps (8) and (9) o 

Compounds of the Formula VI in which Ri is -X»-0-N-C(R, )(R ) « 

„ „ Chested ftom compounds shown in Reaction Scheme VH 
.X' , -0-NR..-V-Ribeanbesynthesizedlromc y 

^ ft. chemistry describe, above in association wrth Reaction Scheme V. 



Reaction Scheme VH 
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Pharmaceutical Compositions and Biological Activity 

„f a- invention contain a therapeutically effective 
Pharmaceutical compositions of the invention com f 

. ^ • *i „ Hescribed above in combination with a 
amount of a compound or salt of the mvention as described 

pharmaceutical acceptable carrier. 

The terms "a therapeutically effective amount and effective am 
^ount of the compound or salt sufficient to induce a therapeutic or «££T 
SU ch as cytokine induction, immunoinodulation, antitumor activity, and/or antiviral 

^sifiono^^^ 

as the Physical and chemical nature of the compound or salt, fne nature of me 

^andJmt^^ 

mvention will contain sufficient active ingredient to provide a dose 

.anograms per kilogram (ng/kg) to about 50 milUgrams per kilogram (mg/kg) pref-bly 

XTlO mlrograms per kilogram to about 5 mg*g, of the compound or ^ ,o 

par enteral formulations, syrups, creams, ointments, aerosol formulations, transdermal 

patches, transmucosal patches and the like. 

The expounds or salts of fire invention can he administered as the stngle 

7 !indte treatment regimen, or the componnds or salts of the tnvenfion may 
therapeutic agent in the treatment regu i„i n< ii M 

be admhtisteted in combination wifir one .other or with other 

agonal inmrnne response modifiers, anfivirals, antihiofics, anhbodtes, protons, 

* — have heen shown to indnce.0 p^ncfion of 
^ planes and certain componnds or salts of the invention may tnhtbtt me 
^I^cyuta^m^-pe^^^^ 

la. • a' that the compounds or salts are useful as immune response 
Koinw These results indicate that me compound 

r^tcanmod^mehnmtmereaponaemanuml^ofdU^.w^^ 
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them useful in the treatment of a variety of disorders. 
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whose production may be induced by ft. administration of compounds 

r _ „ rrFM-fi^ and/or tumor necrosis 
n f *p invention generally include mterferon-a (IFN a) ana/or 
or salts ofthe invention gen biosy nthesis may 

^CIW^asweUasc^^erleulcmsCIL). uUIU 0 
be induced by compounds or salts of the invention include IFN-a, TOF «, E. , 

7Zl2 Jdavarietyofother cytokines. Among other effects, tiiese and otiier 
and IL-12, and a variety , nimor cell growth, making the compounds or 

cytokines can inhibit virus production and tumor cell gro 

salts useful in the treatment of viral diseases and neoplastic diseases. Ac gy 

zi — *■ — * -t: 

Bering an effective amount o f a compound or ^ — L 
to the annual. The anhna, to which the compound or sal. or 

io«ri e disease and administration of the compound or salt may 
t,::^— the compound or sal, may be administered to 

of the invention can affect other aspects of the innate immune response Fo«xamp,e, 
natural Bier eel, activity may be stimulated, an effect ma, may be due to cytokme 
7 tiou The compounds or salts may a!so activate macrophages, whtch m tiun 
HI — f nitric oxide and the production of additions, cytokines. Fmther, me 
founds or salts may cause ^iteration and differentiation of B-.ymphocytes^ 
Compounds or salts of the invention can also have an effect on me acrpur^ 

For example the production of the T helper type , (T„l) cytekrne IFN- 
tanune response. For example, me p 

, m ay be induced indirectly and the production of the T helper type (T„ ) yt 
5 Land^iSmaybeinmbitednponadmimatiationofmecompoundsorsalte. 

pounds or suite of me invention inCude timtor necrosis fcctor-* C*** Among 

batmen, of TNF-a mediated diseases in ammats, making me compounds or sa,t useful m 
» m**— — — Accordmg.y.tbemventionp.vtdes 
lemod of inhibiting TNF-cc biosynmesis in an annua, comprising admunstermg an 
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effective amount of a compound or sa« or coition of the Mention to the , -b-L The 
^ ,„ which the compos or sait or composition is administered for nuubttion of 
TNF-a biosynthesis may have a disease as described infra, for example an — 
disease, and adnunistiation of me compound or sal. may provide tirerapeutic treatment 

ia u» o^in^tered to the animal pnor to the animal 
Alternatively, the compound or salt may be administered to me 

acquiring the disease so that administration of the compound or salt may provide a 

prophylactic treatment. 

Whether for pmphylaxis or thempeutic treatment of a disease, and whether for 
effecting innate or acquired immunity, tire compound or sal. or composition may be 
administered alone or in combination with one or more active components a* m, for 
example, a vaccine adjuvant. When administered with ota components tire compound 
or 1 and other component or components may be administered separately, ogeto bu. 
independentiy such as in a solution; or together and associated with one another such as (a) 
cova.en.ly linked or W non-covalctiy associated, e.g„ in a colloids! suspense. 

Conditions for which IRMs identified herein may be used as treatments urclnde, 

but are not limited to: . 

. (a) viral diseases such as, for example, diseases resulting ftom mfection by an 
adenovirus, a herpesvirus (e.g., HSV-1, HSV-H, CMV, or VZV), a poxvirus (e.g., an 
orfcopoxvirus such as variola orvaccinia, or mollnscum contagiosunt), apicomavnus 
(e g rhinovirus or enterovirus), an orthomyxovirus (e.g., influenzavirus), aparamyxovtrus 
e g" parainfiuenzavirns, mumps vhus, measles virus, and raspatory syncytial tnrus 

a coronavirus (e.g., SAKS), apapovavirus (e.g, papUlomavimses such as those 
1 d genital warts, common waris, or planter waris), a hepadnavhus (e.g, hepatitis B 
virus), a flavivirus (e.g, ostitis C vims or Dengue virus), or a retiovhns (e.g., a 

lentivirus such as HIV); . n . u 

(b) bacterial diseases such as, for example, diseases resmting ftom mfection by 
bacteria of, for ex^ple, tite genus Escherichia, Enterobacter, SataoneUa, Staphylococcus, 
ShigeUa, Listeria, Aerobao.er.HeUcobacter.nebsiella, Proteus, Ps^domonas, 
S^ococcus, Chlamydia, Mycop.asma, Pnenmocoocus, Neisseria, Costirdmm, BaClus, 
Corynebacterinm, Mycobacterium, Campylobacter, Vibrio, Serratia, Providenoa, 
Chromobacterinm, Brucella, Yersinia, Haemophilus, or Bordetella; 
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(c) other infectious diseases, such chlamydia, fungal diseases including but no. 
tarted ,o candidiasis, aspergiflosis, histoplasmosis, cryptococcal meningitis, or parasitic 
diseases including but not limited to malaria, Pneumocystis carnii pneumoma, 
leishmaniasis, cryptosporidiosis, toxoplasmoais, and trypanosome infection; 

(d) neop.as.ic diseaaea, such aa intraepithelial neopiasias, cereal dysplasra, actimc 
keratosis, basal ceil carcinoma, squanous ceU carcinoma, renal cell carcinoma, Kaposr a 
„ melanoma, .eukemias including bu, no, tented to myetogeous feukenna^hronrc 
lym phocync leukemia, multiple myeloma, non-Hodgkin's lymphoma, eutaneona T-cell 
lymphoma, B-cell lymphoma, and hairy cell leukemia, and other cancers; 

(e) T H 2-mediatod, atopic diseases, such aa atopic dermatitis or eczema, 
eosinophil asurma, allergy, allergic rhinitis, and Ommen's syndrome; 

(f, certain autoimmune diaeaaes such as systemic tapus erythematosus, essential 
fcombccylhaemia, multiple sclerosis, discoid lupus, alopecia areata; and 

(g) diseases associated with wound repair such as, for example, huubXton of kelord 
formation and other types of scarring (e.g., enhancing wound healing, inciuding chrome 
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wounds). 

IRM 



as a 



AdditionaUy, an ikwl cuiupuunva ^ - a- 

vaccine adjuvant foruae in conjunction with anymateria! upraises 
eel, mediatod immune response, such as, for example, tive viral, bacteria., or paraatoc 
taununogens; inactivated viral, tiunor-derived, protozoal, organism-ferived, fungal, or 
bacterial immnnogens, toxoids, toxins; self-antigens; polysaccharides; protema; 
glycoproteins; peptides; ceUular vaccines; DNA vaccines; autologous vaccines; 
Lombinan, proteins; and the like, for use in connection with, for example, BCG, cholera, 
plague, typhoid, hepatitis A, hepatitis B, hepatitis C, influenza A, influenza B 
parainfluenza, polio, rabies, measles, mumps, rubeua, yellow fever, tetanus, mphthena, 
hemophilus influenza b, tuberculosis, meningococcal and pneumococcal vaccn.es, 
adenovirus, HIV, chicken pox, cytomegafovirus, dengue, feline leukemia, fowl plague, 
HSV-1 and HSV-2, hog cholera, Japanese encephalitis, respiratory syncytial vmrs, 
rotavirus, papilloma virus, yellow fever, and Alzheimer's Disease. 

Certain KM compounds or salts of the present invention may be particularly 
helpfel in individuals having compromised immune function. For example, certam 



132 



PCT/US2004/037854 

WO 2005/048933 

compounds or salts may be used for Beating the opportunistic infections and tumors that 
occur after suppression of ceU mediated immunity in, for example, transplant patients, 

cancer patients and HIV patients. 

Thus one or more of the above diseases or types of diseases, for example, a vnal 
5 disease or a neoplastic disease may be treated in an animal in need thereof (having the 

disease) by administering a therapeuttadly effective amount of a compound or salt of the 

invention to the animal. 

An amount of a compound or salt effective to induce or inhibit cytokine 
biosynthesis is an amount sufficient to cause one or more cell types, such as monocytes, 
10 macrophages, dendritic cells and B-cells to produce an amount of one or more cytokmes 
such as, for example, IFN-a, TNF-a, W. TL6. 1L-10 and IL-12 that is increased 
(induced) or decreased (inhibited) over a background level of such cytokines. The precrse 
amount will vary according to factors known in the art but is expected to be a dose of 
about 100 ng/kg to about 50 mg/kg, preferably about 10 ug/kg to about 5 mg/kg. The 
invention also provides a method of treating a viral infection in an animal and a method of 
treating a neoplastic disease in an animal comprising administering an effective amount of 
a compound or salt or composition of the invention to the animal. An amount effective to 
treat or inhibit a viral infection is an amount that will cause a reduction in one or more of 
the manifestations of viral infection, such as viral lesions, viral load, rate of varus 
20 production, and mortality as compared to untreated control animals. The precise amount 
that is effective for such treatment will vary according to factors known in the art but rs 
expected to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 ug/kg to 
about 5 mg/kg. An amount of a compound or salt effective to treat a neoplastic conduron 
is an amount that will cause a reduction in tumor size or in the number of tumor focr. 
25 Again, the precise amount will vary according to factors known in me art but is expected 
to be a dose of about 100 ng/kg to about 50 mg/kg, preferably about 10 ug/kg to about 5 

mg/kg. 

Objects and advantages of this invention are further illustrated by the following 
30 examples, but the particular materials and amounts thereof recited in mese examples, as well 
as other conditions and details, should not be construed to unduly limit this inventon. 
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EXAMPLES 
Example 1 

Propan-2-one 0-{[4-amino-l-(2-methylpropyl)- 
l/f-imidazo[4,5-c]quinoUn-2-yl]methyl}oxime 




Part A 

rf^-M^ylptopyOqumolme-S.^amine (41 g), mchloromethane (S50 mL), 
rrieihylanrine (40 mL, 1.5 eq). and chloroaceryl chloride (16.7 mL, 1.1 eq.) were combmeu 
and then stirred at ambient temperahne over me weekend. Tbe reaction mixmre was 
dUuted with U-diehloroethane (75 mL) and then waaheo with satioraten aqneous somum 
bicarbonate (3 x 400 mL). Tbe organic layer was dried over magnesium sulfate, filtered 
tough a layer of CELTTE filter aid, and men concentrated under rednced pressure bo 
provide 52.81 g M^c^ylM^^^"*^^^*™ " * 
brown solid. 

PartB 

3-Chloroperoxybenzoic acid (mCPBA) (16.4 g of 77% max, 73.1 mmol) was 
added to a solution of Z^oromemyl^-me^ < 10 
o 36 5 xnmol) in chloroform (250 mL). The reaction mixture was stirred at ambrent 
temperature overnight. Ammonium hydroxide (100 mL) was added and me reaction was 
stirred vigorously for 15 minute, P^-toluenesulfonyl chloride (8.4 g, 43.8 mmol) was 
added in portions over a period of 10 minutes. The reaction mixture was stirred at ambrent 
temperature for 1 hour and then filtered to remove a precipitate. The filtrate was 
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transferred to a separatory funnel and the layers were separated. The aqueous layer was 
extracted with dichloromethane (2 x 100 mL). The combined organics were dried over 
magnesium sulfate, filtered through a layer of CEL1TE filter aid, and then concentrated 
under reduced pressure to provide 16 g of crude product as a yellow foam. The foam was 
dissolved in 1 0% methanol in dichloromethane (20 mL). The solution was divided and 
loaded onto two FLASH 40+M silica cartridges (90 g), (available from Biotage, be, 
Charlottesville, Virginia, USA). The cartridges were eluted sequentially with 1L 1:1 ethyl 
acetatethexanes, 2% methanol in 1:1 ethyl acetate :hexanes, and 5% methanol in 1:1 ethyl 
acetate:hexanes. The fractions containing product were combined and then concentrated 
under reduced pressure to provide 6.4 g of 2-chloromethyl-l-(2-methylpropyl)-lH- 
imidazo[4,5-c]quinolm-4-amine as an orange foam. 

PartC 

Triemylamine (536 mg, 5.19 mmol) was added to a solution of N- 
hydroxyphmalimide (678 mg, 4.16 mmol) in JV,^-«iimethylformamide (DMF); after 5 
minutes a solution of &<±taramc^^ 

amine (1 g) in DMF (10 mL) was added. The reaction mixture was stirred at ambient 
temperature for 2 hours. The reaction mixture was diluted with dichloromethane (50 mL) 
and then washed with water (1 x 100 mL). The aqueous layer was extracted with 
dichloromethane (2 x 50 mL) and ethyl acetate (1 x 50 mL). The combined organics were 
dried over magnesium sulfate, filtered through a layer of CELITE filter aid, and then 
concentrated under reduced pressure to provide 1.8 g of crude product as a yellow solid. 
The solid was dissolved in 5% methanol in chloroform (10 mL) and loaded onto a FLASH 
40+M silica cartridge (90 g). The cartridge was eluted sequentially with 1L 1% methanol 
in chloroform and 3% methanol in chloroform. The fractions containing the desired 
product were combined and then concentrated under reduced pressure to provide 950 mg 
of a yellow solid. This material was recrystallized from acetonitrile, isolated by filtration, 
washed sequentially with acetonitrile and diethyl ether, and then dried in a vacuum oven at 
65 °C overnight to provide 640 mg of 2-{[4-ammo-l<2-memylpropyl)-lH-imidazo[4,5- 
c ]quinolin-2-yl]methoxy}isoindole-l,3-dione as a yellow crystalline solid, mp 221-222 °C. 
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>H NMR (300 MHz, DMSO-d«) 5 8.10 (d, J= 7.6 Hz, 1H), 7.88 (s, 4H), 7.63 (dd, J= 8.3 
Hz, 1.2 Hz, 1H), 7.48 (m, 1H), 7.32 (m, 1H), 6.69 (br s, 2H), 5.51 (s, 2H), 4.73 (d, J= 7.6 
Hz, 2H), 2.35 (m, 1H), 1.01 (d, J= 6.6 Hz, 6H); 
MS (APCI) m/z 448.0 (M + H) + ; 

Anal. Calc'd for C 2 3H 21 N 5 O 3 .0.5CH 3 CN .0.5H 2 O: C, 64.78; H, 5.32; N, 17.31. Found: 
C, 64.87; H, 5.28; N, 17.63. 

PartD 

Hydrazine hydrate (9 mL) was added to a suspension of 2-{[4-arnino-l-(2- 
methylpropyl)-l#-inudazo[4,5-^ ( 3 S> S> 1x1 

ethanol (90 mL). The resulting solution was stirred at ambient temperature for 3 hours. 
The reaction mixture was filtered to remove a precipitate and the filter cake was washed 
with ethanol and dichloromethane. ' The filtrate was concentrated under reduced pressure, 
diluted with aqueous IN hydrochloric acid (100 mL), and then washed sequentially with 
dichloromethane (2 x 50 mL) and ethyl acetate (1 x 50 mL). Analysis of the organic 
washes by LCMS indicated that they did not contain product. The aqueous acidic layer 
was made basic (~ pH 9) with solid sodium carbonate and then extracted sequentially with 
dichloromethane (1 x 100 mL), ethyl acetate (1 x 100 mL), and dichloromethane (1 X 100 
mL). The combined organic extracts were dried over magnesium sulfate, filtered and then 
concentrated under reduced pressure to provide 2.07 g of 0-{[4-amino-l-(2- 
memylpropyl)-l#-imidazo[4> as Man foam - 

PartE 

Acetone (3.5 mL) was added to a solution of 0-{[4-amino-l-(2-methylpropyl)-l^- 
imidazo[4,5-c]qumolin-2-yl]methyl}hydroxylamine (1 g) in methanol (30 mL). The 
reaction mixture was allowed to stir at ambient temperature for 4 hours and then it was 
concentrated under reduced pressure. The residue was placed under high vacuum 
overnight to provide 1.07 g of crude product as a brown foam. The foam was dissolved in 
dichloromethane (9 mL) and then loaded onto a FLASH 40+S silica cartridge (40 g), 
(available from Biotage, Inc, Charlottesville, Virginia, USA). The cartridge was eluted 
sequentially with 500 mL 1 :1 ethyl acetate:hexanes, 2% methanol in 1 :1 ethyl 
acetate:hexanes, and 5% methanol 1:1 ethyl acetate:hexanes. The fractions containing 
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yellow solid. This materia! was recrystalkzed from ethyl aeeta 

Lhed with diethyl ether, and then dried under high vacuum to prov.de 430 mg of 

propan^C^^^^^^ 

yl] memyl}oxime aa a light yellow crystalline solid, mp 194-195 C 
5 300 MHz, DMSO-ds) 5 8.03 (d, J = 8.0 Hz, 1H), 7.63 (dd, J - 8.2 Hz 0.8 Hz 
^TJZ J - 7* 7.9 Hz, .H), 7.29 (nr, HQ. 6.65 (br a, 2H), 5.30 (a, 2H), 4.48 (d, J ■ 
SSSS - K 1 .8, <a, 3H), 1.8! (a, 3H), 0.92 (, = , « 

13 C NMR (75 MHz, DMSO-de) 5 156.2, 152.4, 149.4, 145.6, 133.3, 127.2, 127.0, 126.7, 

121.5, 121.0, 115.1, 67.3, 52.2, 29.0, 21.6, 19.6 (2), 15.8; 

MS (APCT) m/z 326.2 (M + H)*; , r«;44-H714N, 

~ ^ a a tj n io- XT 71 52 Found: C, 66.44, ±1, /.it, in, 
Anal. Calc'd for C 18 H 23 N 5 0: C, 66.44; H, 7.12, N, 21 .52. 



21.37. 



Example 2 

15 AcetaldehydeO-{[4-ainmo-l-(2 r rnethylpropyl)- 

iH-irnidazo^S-clqumolm^-yllmethy^oxime 




20 



25 



. r \ »aa*a tn a chilled (0 °C) solution of O- {[4-amino-l-(2- 
Acetaldehyde(3.5mL)wasaddedtoacmuea^ ) 

2 4 hours The reaction nrixUne was concentred under reduced pressure and the 



■pT ACM 40+S siuca caruiu B ^ v v &/• - , . , , 

FLAMi 4U ac etate:hexanes, 5% methanol in 1:1 

1:1 ethyl acetate:hexanes, 2% methanol m 1.1 euiyi ac 
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provid e 570 mg of a yeUow soUd. * - - » ^ ^ to pn)vid6 

-..4- P>°* md ^ 1%> 3 5 7 „«, acetone; isoMed by 

Thic; material was recrystamzea nom av* 
480 mg of a yellow solid. This matenal ^ ^ ^ 



.0 



solid, mp 155-150 7 62(dd, J= 8.2 Hz, 0.8 Hz, 

. H NMR(300MHz,DMSO-d 6 )o8.02(d,y-S.0Hz 1H) 7.62( 

r- s R Hz 0 33H), 7.44 (ddd, J= 8.0, 7.1, U.V «z, inj, 
1H), 7.52 (minor isomer, q, J- 5.8 Hz, 0.3 ), 64 ^ 2H)j 

. „a 1 i«7 im 694 (major isomer, q, J- 5.5 tiz, u.o 
(ddd, /= 8.2, 7.0, 1.1 Hz, 1H), \ 2.31-2.17 

(m, 1H), 1.79-1.76 (m, 3H), 0.92 (d, J= 6.6 Hz, 6H); 

MS (APCI)tm/z 312.2 (M + H) ; Q4 N 

^.cJd fe C,*N 5 O : C,6 5 .57;H,6.80 ;N .22.49.Foun* C,65.29,H,7. 



22.46. 



Example 3 

Benzaldehye 0-{[4-amino-l-(2-methylpropyl)- 
lH-imidazo[4,5-c]qumolm-2-yl]methyl}oxime 




Q Mehvde(094mL)wasaddedtoasolutioBofO-{[4-amino-l-(2- 

Benzddenyae i r? 2 jA in methanol 

n 1 W ^idazof4 5-clquinolin-2-yl]methyl}hydroxylamme (2.2 g) m m 
25 m ethylpropyl)-lH-imidazo[4,5 c]q ^ 2 ^ ^ 

«n™T<k The reaction mixture was stirred at amoiem y 

(50mL). Therea ag ^ ded ^ the reaction was stirred overmght. The 

additional 1 mL of benzaldehyde was aaaea 
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reaction mixture was concentrated under reduced pressure. Tne resulting 
dissolved in 10% methanol in chloroform (10 mL) and then loaded onto a FLASH 40 + M 
sihca cartridge (90 g). The cartridge was eluted sequentially with 1 L 1:1 ethyl 
acetate:hexanes, 500 mL 2 %, 3%, 4%, and 5% methanol in 1:1 ethyl acetate :hexane, 
The fractions containing product were combined and concerned under reduced pressure 
to provide 1 .14 g of a tan solid. This material was recrystallized from acetonitrile, isolated 
by filtration, washed with acetonitrile, and then dried under high vacuum to provrde 708 
mg of benzaldehye 0-{[4-anuno- H 2-m^^^^ 
yl]memyl}oxime as a peach crystalline solid, mp 180-181 °C. 

»H NMR (300 MHz, DMSO-d 6 ) 5 8.35 (s, 1H) 8.04 (d, J = 7.8 Hz, 1H), 7.65-7.61 (m, 3H), 
7.48-7.41 (m, 4H), 7.31-7.25 (m, 1H), 6.68 (br s, 2H), 5.52 (s, 2H), 4.54 (d, J = 7.6 Hz, 
2H), 2.35-2.20 (m, 1H), 0.95 (d, J = 6.6 Hz, 6H); 

MS (APC1) m/z 374.2 (M + H) + ; 

„ Tt nnn^K 6 18 75. Found: C, 70.53; H, 6.20; N, 

Anal. Calc'd for C22H23N5O: C, 70.76, H, 6.21, m, ib. 10. r 

18.75. 



Example 4 

Pyridine-3-carboxaldehyde O- {[4-amino-l-(2-methylpropyl)- 
m-imidazo[4,5-c]qumolm-2-yl]memyl}oximeDmy^^ 




A solution of 0-{[4-amii>o-l-(2-methy^ 
*]memyl>hydmxylanrine (2.2 g) in methanol (SO mL) was combined wHh 3- 
pyriomecaxboxaldehyde (3.6 mL) and sttaed at ambient temperature until analysrs by 
LCMS indicated that the reaction was complete. The reaction mixture was concentrated 
md er reduced pressure and tire residue was loaded onto a FLASH 40+M sihca cartilage 
(90 g) The cartridge waa eluted sequentially with 1 L ethyl acetate, 2.5%, 5%, and 10% 
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methanol in ethyl acetate. The fractions containing product were combined and then 
concentrated under reduced pressure. The resulting residue was dissolved in 
dichloromethane (50 mL) and then combined with 4M hydrochloric acid in dioxane (30 
mL). A white solid precipitated. Tfre mixture was concentrated and then dissolved in hot 
ethanol The ethanol solution was chilled in a freezer over the weekend. The resulting 
precipitate was isolated by filtration; washed sequentially with ethanol, acetonitrile, and 
diethyl ether; and then dried under high vacuum to provide 230 mg of pyridine-3- 
C arboxaldeh y deO-{[4-^ 

yl]methyl}oxime dihydrochloride as a tan crystalline solid, mp 213-215 °C. 

'H NMR (300 MHz, DMSO-ds) 5 8.97 (s, 1H), 8.83 (m, 1H), 8.58 (s, 1H), 8.42 (d, J - 8.1 

Hz 1H), 8.26 (d, J - 8.2 Hz, 1H), 7.85 (m, 2H), 7.74 (dd, J = 7.3, 7.3 Hz, 1H), 7.61 (m, 

1H) 5 72 (s, 2H), 4.65 (d, J = 7.6 Hz, 2H), 2.26 (m, 1H), 0.99 (d, J = 6.6 Hz, 6H); 

i3 C NMR (75 MHz, DMSO-d 6 ) 5 151.9, 149.7, 147.5, 146.6, 144.3, 138.8, 135.7, 134.3, 

130.3, 129.7, 126.4, 125.4, 125.3, 122.6, 118.9, 112.9, 68.1, 52.6, 29.1, 19.5(2); 

MS (APCl) m/z 375. 1 (M + H) + ; 

Anal. Calc'd for C 21 H 22 N 6 G -2 HC1 . 0.5H 2 O: C, 56.17; H, 5.79; N, 17.87. Found: C, 
56.04; H 5.75; N, 17.90. 

Example 5 

7/.[3.(4-Ammo-2-isopropylideneaminooxymethyl- 
l//-irmdazo[4,5-c]qumolm-l-yl)propyl]memanesmfonarm^ 




Part A 

Triethylamine (9 mL, 64.7 mmol) was added to a solution of terf-butyl [3-(3- 
annnoqumolm^ylanimo^ropyllc^bamate (13.65 g, 43.1 mmol) in dichloromethane (150 
mL) Chloroacetyl chloride (3.8 mL, 47.5 mmol) was added dropwise over a penod of 10 
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nunutes. The reaction mixture was stirred at ambient temperature over the weekend and 
then concentrated under reduced pressure. The residue was partitioned between ethyl 
acetate (100 mL) and 1:1 water: saturated aqueous sodium bicarbonate. The organic layer 
was washed with brine (100 mL). The combined aqueous layers were extracted wrm ethyl 
acetate (2 x 100 mL). The combined organics were dried over magnesium sulfate, filtered, 
and then concentrated under reduced pressure to provide 14.1 g of crude productasa 
brown foam. The foam was dissolved in a mixture of dichloromethane (1 5 mL) and 
methanol (0.5 mL). The solution was divided and loaded onto two FLASH 40 + M silica 
cartridges (90 g). The cartridges were eluted sequentially with 1 L 1:1 ethyl 
acetate:hexanes, 5% methanol in 1:1 ethyl acetate:hexanes, and 10% methanol in 1:1 ethyl 
acetate hexanes. The fractions containing product were combined and concentrated under 
reduced pressure to provide 8.96 g of ^-butyl [S^-cWoromemyl-m-imidazo^S- 
c]quinolin-l-yl)propyl]carbamate as a light brown foam. 



PartB 



3-Chloroperoxybenzoic acid (13.3 g of 77% max, 59.4 eq.) was added in portions 
over aperiod of 5 minutes to a solution of ^-butyl p^-chloromethyl-m-imidazo^S- 
c ]quinolin-l-yl)propyl]carbamate (8.9 g, 23.7 mmol) in chloroform (200 mL). The 
reaction mixture was allowed to stir at ambient temperature overnight. Ammonium 
hydroxide (50 mL) was added and the reaction mixture was stirred vigorously. Para- 
toluensulfonyl chloride (5.43 g, 28.5 mmol) was added over aperiod of 5 minutes. The 
reaction mixture was stirred at ambient temperature for 2 hours; an additional 1 g of para- 
toluensulfonyl chloride was added and the reaction mixture was stirred for another hour. 
The reaction mixture was filtered to remove solids. The filtrate was transferred to a 
separator funnel and the layers were separated. The organic layer was washed with 1:1 
water:saturated aqueous sodium bicarbonate (2 x 150 mL). The combined aqueous was 
extracted with dichloromethane (2 x 150 mL) and ethyl acetate (1 x 100 mL). The 
combined organic extracts were concentrated under reduced pressure to provide 13.6 g of 
crude product as a brown foam. The foam was dissolved in dichloromethane (20 mL). 
The solution was divided and loaded onto two FLASH 40+M silica cartridges (90 g). The 
first cartridge was eluted sequentially with 1L 1:1 ethyl acetate mexanes, 5% methanol m 
M ethyl acetatemexanes, and 10% methanol in 1:1 ethyl acetate.hexanes. The second 
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cartridge was elutedsequentiaUy with 1L 1:1 ethyl acetate:hexanes, 7% methanol in 1:1 
thyl acetate:hexanes, and 7% methanol in 1:1 ethyl acetate:hexanes. The fractions 
taining product were combined and then concentrated under reduced pressure to 
provide 4.3 g of ter*-butyl [3-(4-amino-2-chlorome^ 
yl)propyl]carbamate as a light yellow foam. 

* 

PartC 

Triethylamine (4.6 mL, 33.1 mmol) was added to a solution of N- 
hydroxyphthalimide (2.16 g, 13.2 mmol) in DMF (10 mL). A solution of of tert-butyl [3- 
(4-animo-2-cWoromemyl-m-imidazo[4,5-c]qumolin-l-yl)propyl]carbamate (4.3 g, 11.0 

mmol) in DMF (20 ml) was added. The reaction was stirred at ambient temperature for 
3.5 hours and then diluted with water (100 mL). The resulting precipitate was isolated by 
filtration, washed with water, and then dried in a vacuum oven at 60°C over the weekend 
to provide 4.25 g of tert-butyl (3-{4-anuno-24(l,3-dioxo-l,3-dihydroisoindol-2- 
yl)oxymemyl]-lif-imidazo[4,5-c]qumolin-l-yl}propyl)carbamate as a light yellow solid. 
J H NMR (300 MHz, DMSO-d 6 ) 5 8.2 (d, J= 8.0 Hz, 1H), 7.9 (s, 4H), 7.7 (m, 1H), 7.5 (m, 
1H), 7.3 (m, 1H), 7.2 (m, 1H), 6.7 (br s, 2H), 5.5 (s, 2H), 4.8 (m, 2H), 3.2 (m, 2H), 2.2 (m, 

2H), 1.4(s,9H); 

MS (APCI) m/z 517.3 (M + H) + . 

PartD 

Hydrazine hydrate (8 mL of 55%) was added to a suspension of of terf-butyl (3-{4- 
ammo-2-[(l ,3-moxo-l ,3-dmy<froisoto 

yl}propyl)carbamate (4.25 g, 8.23 mmol) in ethanol (70 mL). The reaction became 
homogeneous after about 2 minutes. A precipitate started forming after about 1 hour. 
After stirring at ambient temperature for a total of 2 hours the reaction mixture was filtered 
and the filter cake was washed with dichloxomethane. The filtrate was concentrated under 
reduced pressure. The residue was azeotroped twice with toluene to provide 3.63 g of tert- 
butyl[3K4-anfino-2-ammooxymemyM^^ 
as a white solid. 
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PartE . 
Acetone (20 xnL) was added to a solution of ^-butyl [3.(4-^0-2- 

Acetone^ j vl>oro pyl]carbamate (3.6 g) in methanol 

ammooxymemyl-lH-^^ ovemight md ^ 

HO mL) The reaction mixture was stirred at ambient temperature ovemign 
(7UmL>. inci anfiert-butvl[3-(4-ammo-2- 

yellow foam. 

^ ' Trifl uoroacetic acid (7 mL) was added ,0 a pension of ,e«-butf iW-»* 

i^tideneannnoxymem^^ 

T ,„ „. no mL) The reaetion became homogeneous and was stirred at 
in diohlororoethane (70 mL). lherea 

^hient temperature for 2.5 hours. More trifluoroacetic actd (!0 mL ^» 
^tionwas stirred for anotherhour. The reaction mixture was concenti. tedder 

„ w«l under hiim vacuum overnight to provide 7.68 g of propan-2- 
-^"^f ^oiin-a-yllmeth^oxime a 

™ P r> /r^-ammo-l-CS-ammopropy^-lH-irmQ 320 ^' 3 c ^ 

one 0-{[4 ammo ^ • w tWs materi al was assumed to contain 5 equivalents of 

white solid. Based on the weight this material 

trifluoroacetic acid. 

PartG „««Qi«n nf2 eofmaterial from Part Fin 

Triethylamine(3.1mL)wasaddedtoasuspen S ionof2gotm 

20 ^oromethane n.) and me reacnon hecame homogeneous— 

chloride (0.207 mL) was added and the reaction was stirred at ambient ^e. 
Analysis by LCMS after 1 hour showed that the reaction was not complete^ Mo. 
methLuLnyl chloride (0. 1 5 mL) was added and me reaction was stirred for an 
methanesuUony was washed with saturated aqueous sodium 

additional 30 minutes. The reaction mi dichloromethane (2 x 30 

25 bicarbonate (1 x 40 mL). The aqueous wash was extracted wi _ 

»D and ethyl acetate (1 x 20 mL). The combined organics were washed with brme and 
mL) and emyi v t M a tan sohd . 

♦hen concentrated under reduced pressure to provide 1.5 goicru f 
then concentrate ^Wnform flO mL) and then loaded onto a 

The sohd was dissolved in 10% methanol m chloroform (10 mL) 
^SH 40+S silica cartridge (40 g). The cartridge was eluted sequentially wi* 50 mL 
FLASH 40+* ace tate:hexanes, 2 % methanol m 

1 : 1 ethyl acetatetheaxanes, 5% metoanoi ui j 
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chloroform, and 5 % — in chloroform (x3). The fractions «— 

combined and concen.ra.ed. The residue was recced from acetone, .solated by 

ffl.ra.ion, washed wi<h diettryl ettrer, and .hen dried under nigh vacuum .c prov.de 623 org 

oWP -(4-ammo-2-isop ro pyhdeneam^^^ 

yDpropyllmettranesulfonamide as awhile crystalline solid, mp 178-179 »C. 
> HN MR (300MHz, DMSO-d,) 6 8.13 (d, 7- 7.9 Hz, 1H), 7.64 (dd, 8.3 Hz, 0.8 Hz, 
1H ) 7 49-7 43 (m, 1H), 7.30-7.25 (m, 2H), 6.67 (br s, 2H), 5.33 (s, 2H), 4.67 ft J' 7.6 
Hz, 2H), 3.X7-3..5 (m, 2H), 2.94 (s, 3H), 2.08-2.03 (m, 2H), 1.82 (d, J- 7.0 Hz, 6H); 

MS (APCI)m/z 405.2 (M + H)*; „ „ „ « „ «r>.,j 

. „t ^ o cT>i«.tr sor-W 20 78 Found: C, 53.33; ri> o.z/., in, 
Anal. Calc'd for CigHz^eOsS: C, 53.45, H, 5.98, N, ZU. /»• r 



25 



20.78. 



Examples 6-51 

An aldehyde or ketone torn dre table below (1 .1 equivalent) was added to a teat 
tob e containing a solution of O-^^H^^ymH^^-c^n. 
2-yl]me«,yl}hydroxylamine (30 mg) in metiaanol (1 mL). The test rube was capped and 
placed on a shaker a. ambient .emperamre overnight (approximately 18 hours). The 
solvent was removed by vacuum centriftrgation. The compounds were punned by 
preparative high performance liquid chromatography (prep HPLQ using a Waters Fraction 
Lynx automated purification system. The prep HPLC fractions were analyzed usnrg a 
Micromass LC-TOFMS, and me appropriate ftactions were centriftrge evaporated te 
provide tire trifluoroaietate sal. of me desired compound. Colunm: Phenomena LUNA 
C18(2) 21 2 x 50 millimeters (mm), 10 micron particle size, 100 Angstioms (A) pore; 
flow rate: 25 mUmin; non-linear gradient elation ftom 5-95% B in 9 min, then hold at 
95% B for 2 min, where A is 0.05% trifluoroacetic acid/water and B .a 0.05% 
tnfluoroacetic acid/acetenitiile; fraction collection by mass-selective uiggermg. The .able 
helow shows fce ketone or aldehyde used for each examp,e, me structure of me resulting 
compound, and tire observed accurate mass for me isolated uifluoroacamte salt 
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1 

16 


Tetrahydrofuran-3-carboxaldehyde 


O-N 
/ 


368.2054 


17 


3-(Methylthio)propionaldehyde 


/ 3 

^— s 

O-N 


372.1864 


18 


Benzaldehyde 


O-N X==/ 
/ 


374.1983 


19 


Picolinaldehyde 


O-N N — 


375.1916 


20 


Nicotinaldehyde 


O-N N 

/ 


375.1934 


21 


Isonicotinaldeliyde 


O-N — 

/ 


375.1952 


22 


1 -Methylpyrrole-2-carboxaldehyde 


r r-o ' 

O-N N^ 
/ / 
CH 3 


377.2128 


23 


l-Methyl-2- 
imidazolecarboxaldehyde 


O-N N^ 
/ / 
CH 3 


378.2034 

1 ■ 1 


24 


3-Cyclohexene-l-carboxaldehyde 


rO 

O-N X — ^ 

/ 


378.2255 


25 


1 2-Tbiophenecarboxaldehyde 


O-N S 
/ 


380.1561 




3 -Thiophenecarb oxaldehyde 


O-N 


380.1558 


27 


Cyclohexanecarboxaldehyde 


O-N > — ' 
/ 


380.2426 
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38 



39 



40 



41 



42 



43 



44 



45 



3-Phenylpropionaldehyde 



2-Methoxybenzaldehyde 



3-Methoxybenzaldehyde 



4-Methoxybenzaldehyde 



2-Chlorobenzaldeh.yde 



3-Chlorobenzaldehyde 



4-Chlorobenzaldehyde 



1 - Acetyl-4-piperidone 



402.2316 



O-N 



H 3 C-Q 



404.2116 



O-N 



/ 



O— CH 3 



O-N 



404.2104 



/ 



O-N 



404.2098 



/ 



CI. 



408.1614 



O-N 



CI 



O-N 



408.1612 



/ 



O-N 



// \_/ Cl I 408.1581 



/ 



>-CH. 



N 



409.2326 



46 



4-Dimethylaminobenzaldehyde 



/ 



/ 



CH. 



N 



O-N 



/ 



\ QH I 417.2378 



47 



3-Hydroxy-4- 
methoxybenzaldehyde 



OH 



/ 



CH. 



420.2006 



O-N 
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48 



49 



50 



51 



2-Quinolinecarboxaldehyde 



Methyl 4-fonnylbenzoate 



4-Trifluoromethylbenzaldehyde 



1 -Benzyl-4-piperidone 





425.2097 


/ 1 

H 3 C 


432.2004 


O-N x ' F 

/ 


442.1826 


// \ 
j — N x — 

P 

O-N 

/ 


457.2686 



Examples 52 - 59 



10 



15 



Part A 

Using the general method of Example 5 Part A, ^-butyl [2<3-aminoquinolin-4- 
ylamino)ethyl]carbamate (43.5 g, 144 mmol) was reacted with chloroacetyl chloride (17.72 
g, 158 mmol) to provide 37.39 g of terf-butyl [2K2-cMoromemyl-m-imidazo[4,5- 
c]quinolin-l-yl)emyl]carbamate. 

Part B 

Using the general method of Example 5 Part B, a solution of tert-butyl [2^ 
cMoromemyl-lH-imidazo[4,5-c]qumolm-l-yl)emyl]carb^ (27.45 g, 76.1 mmol) in 
chloroform (500 mL) was treated with 3-chloroperoxybenzoic acid (25.6 g of 77% max, 
114 mmol) and the resulting 5-oxide was aminated using ammonium hydroxide (150 mL) 
and^ra-toluenesulfonyl chloride (17.4 g, 91.3 mmol) to provide 41.83 g of crude tert- 

butyl [2 <4-ammo-2^orome*y^ * 
brown sohd. A portion (-32 g) of the crude material was dissolved in dichloromethane 
and then washed with 1 N hydrochloric acid (x3). The organic layer was allowed to stand 
for several days and a precipitate formed. This material was isolated by filtration to 
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provide 7.0 g of of tort-butyl [2-(4-anuno-2-chlorometnyi in 
yl)ethyl]carbamate as an off white solid. 

PartC 

Using the general method of Example 5 Part C, t*«-butyl P«— mo* 
reacted with tf-hydroxyphmaUmrde (3.65 g, 22.3 mmol) to prov.de 6.37 g of of m, butyl 

clquinolin-l-yDethyDoarbamateaaayellowsohd. im75(m 

JH ,,,.,u j-nBilB)7S (s, 4H), 7.6 (m, 1H), 7.5 (m, 

■H NMR (300 MHz, DMSO-d*) 8 8.3 id, J— 8.5 Hz, 1H), / t , ' 

im *; s (s 2IT) 4.9 (m, 2H), 3.6 (m, in;, 1.5 is, 
1H), 7.3 (m, 1H), 7.1 (m, 1H), 6.6 (br s, 2H), 5.5 (s, Ztt), 1 

9H); 

MS (APCI) m/z 503.2 (M + H) + . 



PartD 



Usi „g me general method of Example 5 Par. D, me N-phthaEmide protecting gronp 
wa 3removed fe , m( e rt W(2-{4-ammo-2.[(l,3-dioxo-l^mydro i somdol-2- 

tert -bu«yl [2<4-™ino*anrinooxym^^^ 
yl)ethyl]carbamate . 

Part E . 

Acetone (25 mL) was added to a snspenaion of me crude material from Part D m 
ffieto nol (100 mL). The resulting solution was sdrred at ambient temperamre for 3 horns 
mi ^ crcentrafcd under redneed pressme. The residue was azeotroped once w.* 
Tie, smrried with emano, (!00 mL) and men niter*. The Hlter caxe was waah* wrUr 
Idonaledaano,. The mtrate was concentrated nnder reduced 

of ^duc, as a yeoow solid. Addition, product (0, g) was obtamed by 

fflte r ^ wim dichloromemane. The two lots were combined to provrde 4.8 g of ^ 

btttyU 2-(4.auuno*i S opropyU^^^ 

yl)ethyl]carbamate. 
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PartF 



Trifluoroacetic acid (10 mL) was added to a sospension rfMUH [2-(4-amtno- 

in aichloromethane (100 mL). The reaction became homogeneous and was stirred at 
ambient temperature. At 2.5 noma and 3.5 hours more trifluoroacetic acid (10 mL and 5 
nrL respectively) was added. After a total reaction time of 4 hours the reaction mixture 
w as concentrated under reduced pressure. The residue was azeotroped with toluene (x3) 
and then placed under high vacuum overnight to provide 9.97 g of propan-2-one 0-«4- 

Based on the weigh, mis material was assumed to contain 5 equivalents of trifluoroacetic 



acid. 



PartG 



An acid chloride, sulfonyl chloride, carbamoyl chloride or. isocyanate from the 
table below (1 . 1 equivalents) was added to a test tube containing propan-2-one O- {[4- 
anrinc-M2-ammoemyl)-ltf-inri^^ 

(-90 mg) prepared in Part F, W -dii S opropy.ethylamine (350 uL, 10 equivalents), and 
chloroform (2 mL). The test tube was capped and placed on a shaker at ambrent 
temperature overnight (approximately 18 hours). The solvent was removed by vacuum 
centrifuge. The compounds were purified by preparative high performance hqnrd 
cinematography (prep HPLC) using a Waters Fraction Lynx automated purification syatem 
as described for Examples 6-51 above. The table below shows the acid chloride, sulfonyl 
chloride, carbamoyl chloride or isocyanate used for each example, tire structure of the 
resulting compound, and the observed accurate mass for tire isolated trifluoroacetate salt. 
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59 




10 



15 



Examples 60 - 83 

An acid chloride, sulfonyl chloride, carbamoyl chloride or isocyanate from the 
table below (1.1 equivalents) was added to a test tube containing propan-2-one 0-{{4^ 
arnmo-H3-aminopropyl)-l*M^ 

(90 mg), W-diisopropylemylainine (350 uL, 10 equivalents), and chloroform (2 mL). 
The test tube was capped and placed on a shaker at ambient temperature overnight 
(approximately 1 8 hours). Water (1 drop) was added and then the solvent was removed by 
vacuum centrifugation. The compounds were purified by preparative high performance 
liquid chromatography (prep HPLC) using a Waters Fraction Lynx automated purification 
system as described for Examples 6 -51 above. The table below shows the acid chloride, 
sulfonyl chloride, carbamoyl chloride or isocyanate used for each example, the structure of 
the resulting compound, and the observed accurate mass for the isolated trifluoroacetate 

salt. 



153 



PCT/US2004/037854 

WO 2005/048933 




154 



WO 2005/048933 



PCT/US2004/037854 



68 



69 



2-Thiophenesulfonyl chloride 



3-Methylbenzenesulfonyl 
chloride 



\ 



cO 



\ 



473.1393 



481.2012 



70 



71 



72 



73 



74 



75 



4-Methoxybenzenesulfonyl 
chloride 



4-Chlorobenzensulfonyl 
chloride 



8-Quinolinesulfonyl chloride 



n-Propyl isocyanate 



A^-Dimethylcarbamoyl 
chloride 



Phenyl isocyanate 



\ 



sO 



o 



CI 



CK 



497.1968 



501.1480 



518.1946 



412.2461 



398.2310 



446.2270 



76 



Cyclohexyl isocyanate 



H 



452.2741 
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Example 84 

Acetone 0-{[4-am^^^^ 

yl]methyl}oxime 




Part A , 

Triethylamine (50.0 mL, 360 mmol) was added to a suspension of 4-chloro-3- 
nitroquinoline (50.0 g, 240 mmol) in DMF (200 mL), followed by dropwise addition of a 
solution of l-amino-2-methyl-propan-2-ol (23.5 g, 264 mmol) in DMF (50 mL). The 
reaction mixture was stirred overnight at room temperature, then water (500 mL) was 
added and stirring was continued for 30 minutes. A solid was isolated by filtration, 
washed with water, and dried to yield 60.9 g of 2-methyl-l-[(3-nitroquinolin-4- 
yl)amino]propan-2-ol, which was used without further purification. 

PartB 

A mixture of 2-methyl-l-[(3-mtroqumonn-4-yl)amino]propan-2-ol (60.9 g, 233 
mmol), 5% platinum on carbon (6.1 g), and ethanol (500 mL) was hydrogenated on a Parr 
apparatus at 30 psi (2.1 x 10 5 Pa) for 3 hours. The mixture was filtered through CELITE 
filter agent, which was subsequently rinsed with methanol and dichloromethane. The 
filtrate was concentrated under reduced pressure to yield an oil that was concentrated twice 
from toluene to afford 56.6 g of a brown oil that was used directly in the next step. 



PartC 

Triethylamine (49.0 mL, 350 mmol) was added to a stirred suspension of the 
material from Part B in dichloromethane (450 mL). A solution of chloroacetyl chloride 
(21.0 mL, 257 mmol) in dichloromethane (50 mL) was added dropwise over 45 minutes. 
The reaction mixture was stirred for approximately 3 days at room temperature. The 
solution was concentrated under reduced pressure. The residue was partitioned between 
ethyl acetate (500 mL) and 1 : 1 saturated aqueous sodium bicarbonate/water (500 mL). 
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10 



The aqueous layer was extracted riO ethyl acetate (3 x 250 mL) and chloroform (250 
mL). The organic layers were combined, dried over magnesium sulfate, filtered and 
concentrated nnder recced pressure. The resulting pale hrown sofid was crystelhzed from 
dichloromefirane (80 mL) to afford 25.7 g of i-tMchloronteuryO-lff-unidazo^S- 
c]q uinofin-l-yl]-2- m efirylpropan-2-ol as pale yellow crystals. The motor liquor was 
concentrated and crystallized fiotn dichlorotnethane (40 mL) to yield an addmonal 3 .56 g 
of product. The ntottter liquor was concentrated under reduced pressure and fire resulting 
residue was purified by chromatography using a HORIZON HPFC system (an automata 
modular hi^-performance flash purification product available from Biotage, Inc 
Charlottesville, Virginia, USA) (silica gel, ^adient elution with 3-13% memanol . ethyl 
acetate) to afford 15.5 g of l-[2Kcmo ro mcmyl)-lH-imidaao[4,5-c],mnolin-l-yl]-2- 

methylpropan-2-ol. 



15 



20 



Part D 

mCPBA (77% pure, 36.5 g, 163 mmol) was added over 10 minutes to a stirred 

suspension of i^^^-W-^^^^-^^^^- 01 

f /cnn r«T ^ Thf resulting solution was stirred at room 
(23 6 g 81 4 mmol) in chloroform (500 mL). lne resulting sumu 

temperature for 1.5 hours. Concenhated ammonium hydroxide (200 mL) was added. 
After 5 minutes, jMoluenesulfonyl chloride (18.6 g, 97.7 nnnol) was added in porttons. 
The mixture was stirred at mom temperamre for 2.3 hours, titen was transferred to a 
separatory funnel. The layers were separated and the aqueous layer was extracted wt«h 
oiohloromemane (2 x 100 0^,^3 x 200 mL). The organic layers were combmed drted 
over magnesium sulfite, filtered, and concentrated under reduced pressure to yield a foam. 
The crude product was purified in portions by chromatography on a HORIZON HPPC 
system (silica gel, elution with 5% methyl in chloroform followed by gradient elution 
with 5 .15% methanol in chloroform) to yield 9.42 g of H 4-amino-2-(chlommethyl>lJr- 
mtidazo^-clqninolin-l-yll-^methylpropan^-ol as a pale yellow solid. 



PartE . n 0 

,0 A solution of l-[4-amino-2-(chloromethyl)- li/-imidazo[4,5-c],mnohn-l-yl]-2- 

methylpropan-2-ol (1 .00 g, 3.28 mmol) in DMF (3.0 mL) was added U> a solution of N- 



25 
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hydroxyphthalimide (642 mg, 3.94 tmnol) and triemylamine (0.915 mL, 6.56 mmol) in 
DMF (3 0 mL). The flask containing the solution of l-[4-amino-2-(chloromethyl)-l^- 
imidazo[4 ) 5-c]qumolin-l-yl]-2-methylpropan-2-ol was rinsed with DMF (3.0 mL), which 
was added to the reaction solution. The solution was stirred at room temperature for 3 
hours and a solid formed. The solid was isolated by filtration, washed with 
dichloromethane, and dried. The off-white solid was dissolved in hot DMF (20 mL). 
Acetonitrile (50 mL) was added to the solution, which was then placed in a freezer. 
Crystals formed and were isolated by filtration, washed with acetonitrile, and dried to 
provide 288 mg of 2-{[4-ammo-l-(2-hydroxy-2-memylpropyl)-lH-imidazo[4,5- 
c]qmnolm-2-yl]memoxy}-lH-isoindole-l,3(2fl)-dione as orange crystals, mp 270.0-272.0 

°C. 

Anal calcd. for C 23 H 21 N 5 0 4 : C, 64.03; H, 4.91; N, 16.23. Found: C, 63.65; H, 4.65; N, 
16.50. 



PartF 



Hydrazine (20 mL) was added to a stirred suspension of 2-{[4-amino-l-(2- 
hydroxy-2-memylpropylH^^ 

l,3(2i?)-dione (14.0 g, 32.4 mmol) in ethanol (100 mL). The mixture was stirred at room 
temperature and after 5 minutes a solution formed. After 1 hour, a solid began to form and 
additional ethanol (100 mL) was added. After 4.5 hours, the solid was isolated by 
filtration, washed with dichloromethane, and dried to yield 9.30 g of l-{4-amino-2- 
[(ammooxy)memyl]-lH-imiaazo[4,5- C ]qumolin-l-yl}-2^ as a yellow 

solid, some of which was used without further purification in the next step. Two batches 
of the product (6.63 g and 1 .00 g) were purified by chromatography using a HORIZON 
HPFC system (silica gel, gradient elution with 5-15% of 2 M NH 3 in methanol/chloroform) 
to provide 4.45 g and 650 mg of l-{4-ammo-2-[(ammooxy)memyl]-lH-imidazo[4,5- 
c ]quinolin-l-yl}-2-methylpropan-2-ol as a yellow solid, respectively. Some of the 
chromatographed product (650 mg) was crystallized from acetonitrile to yield 377 mg of 

H 4-ammo-2-[(am^^^ 

as pale yellow crystals, mp 178.0-179.0 °C. 
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Anal calcd. for C 15 H 19 N 5 0 2 : C, 59.79; H, 6.36; N, 23.24. Found: C, 59.93; H, 6.38; N, 



23.40. 



PartG 

A solution of l-{4-ammo-2-[(an^ooxy^ 
2-methylpropan-2-ol (800 mg, 2.65 mmol) in acetone (10 mL) and methanol (10 mL) was 
stirred for 20 hours at room temperature, then was concentrated under reduced pressure. 
The resulting yellow solid was purified by chromatography on a HORIZON HPFC system 
(silica gel, gradient elution with 5-15% methanol in chloroform) followed by 
crystallization from acetonitrile to yield 400 mg of acetone 0-{[4-ammo-l-(2-hydroxy-2- 
memylpropyl)-m-iimdazo[4,5-c]qumolm-2-yl]me^ as pale yellow crystals, mp 



212-216 °C. 



'H NMR (300 MHz, DMSO-d 6 ) 5 8.27 (d, J= 8.3 Hz, 1H), 7.60 (dd, J= 8.3, 1.3 Hz, 1H), 
7.41 (ddd, 7= 8.3, 7.0, 1.3 Hz, 1H), 7.21 (ddd, 7= 8.3, 7.0, 1.3 Hz, 1H), 6.61 (s, 2H), 5.44 
(br s, 2H), 4.93 (s, 1H), 4.73 (br s, 2H), 1.80 (s, 3H), 1.78 (s, 3H), 1.17 (br s, 6H); 

* 

MS (APCI) m/z 342.1 (M + H) + ; 

Anal, calcd for C 18 H 23 N 5 0 2 : C, 63.32; H, 6.79; N, 20.51. Found: C, 63.32; H, 7.00; N, 



20.65. 



Example 85 

JH2-[4-Ammo-2-({[(l-me^^ 

1 -yl] ethyl} -JV-isopropylurea 



NH 2 




Isopropyl isocyanate (0.262 mL, 2.66 mmol) was added to a stirred solution of the 
material prepared in Parts A-F of Examples 52-59 (2.42 mmol) and triethylamine (1.70 
mL, 12.1 mmol) in dichloromethane (25 mL) at room temperature. After 10 minutes, a 
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solid formed. After 1 hour, the reaction mixture was concentrated under reduced pressure 
to yield a solid that was purified by chromatography on a HORIZON HPFC system (silica 
gel gradient elution with 5-25o/o methanol in chloroform). The appropriate fractrons were 
combined and concentrated under reduced pressure to yield 1.73 g of a white sohd that 
5 was crystallized from acetonitrile to afford 650 mg of ^{2-[4-amino-2-({[(l^ 
m emylemylidene)ammoW 

isopropylurea as a hydrate and partial trifluoroacetate salt, white crystals, mp 230.0-231.0 

°c. 

>H NMR (300 MHz, DMSO-d 6 ) 5 9.17 (br s, 2H), 8.54 (d, 7= 8.1 Hz, 1H), 7.81 (dd, 7= 
10 8.3, 0.9 Hz, 1H), 7.73 (m, 1H), 7.56 (m, 1H), 6.08 (t, 7= 5.7 Hz 1H), 5.92 (d, 7= 7.8 Hz, 
1H), 5.32 (s, 2H), 4.75 (t, 7= 6.1 Hz, 2H), 3.61 (m, 1H), 3.49 (m, 2H), 1.84 (s, 3H), 1.80 
(s, 3H), 0.98 (d, 7= 6.4 Hz, 6H); 
MS (APCI) m/z 398.2 (M + H) + ; 

Anal calcd. for C 20 H 27 N 7 O 2 .0.7 CF 3 CO 2 H.1.0 H 2 0: C, 51.89; H, 6.04; N, 19.80. Found: 
15 C, 51.99; H, 5.78; N, 19.74. 

Example 86 

^{3-[4-Armno-2-({[(l-memylemylidene)ammo]oxy}me^ 

< i-yl]propyl}-iV-isopropylurea 



20 



NH 2 




The method described in Example 85 was used to convert the material prepared in 
Parts A-F of Example 5 (2.58 mmol) into 440 mg of iV-{3-[4-amino-2-({[(l- 
memylemyhdene)^^ 

isopropylurea, which was isolated as the hydrate and partial trifluoroacetate salt, whrte 
25 crystals, mp 1 84.0-186.0 °C. 
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'HNMR(300MH Z ,DMSO-d«)8 8.55(brs > 2H) > 8.18 W! ^/.^^.- ■ 
8.4, 1.1 HZ, 1H), 7.67 (m, 1H), 7.49 (m, 1H), 6.05 ft/- 5.8 Hz 1H), 5.86 (d ,-77 Hz, 
1H), 5.34 <s, 2H), 4.65 (,, ,- 7.8 Hz, 2H), 3.70 (m, >H), 3.20 (m, 2H), 1.97 (m, 2H), 1.84 
(s, 3H), 1.81 (s, 3H), 1.05 (d,J= 6.6 Hz, 6H); 
MS (APCI) m/z 412.2 (M + H) + ; 

J calca for ™,O,0, C FJ CO !H .1.0 H ;0: C, 54.31; H, 6,3; N, 20.15. Found: 
C, 54.19; H, 6.14; N, 20.13. 

Example 87 

imidazo[4 9 5-c]pyridin-l-yl]butyl}memanesulfonaimd^ 

O 

H /; 
O 

Part A 

A solution of rert-butyl 4-aminobutylcarbamate (8.50 g, 45.2 mmol) in DMF (20 
no.) in an addition funnel was added over 1 hour ,o a stirred so,ution of 2,4-dichloro-5,6- 
^yH-nitiopyridine (10.0 g, 45.2 mmol) and thiamine (9.30 mL, 67.8 mmol) m 
DMF (100 mL). The addition fcnnel was rinsed with DMF (17 mL) and the solution was 
^ed to me reaction vessel. After the reaction sotation was stirred overnight a, room 
temperature, additional 4-aminobu«ylcarbamate (0.1 equivalent) was added. The 

station was allowed to stir an additional 2 hours, men was eoncentraten under rednceti 
pressure. The resulting oil was partitioned between emyl acetate (400 mL) and water (100 
nu,). The organic phase was washed with water (4 x 50 mL), then was dried over 
reagnesium sulfate, filtered, and concentrate* under reduced pressure. The crude product 
was purified by flash chromatography (sihe* gel, e.ution with 33% ethy. acetate in hexanes 
Mowed by 66% emyl acetate in hexanes) to afford 9.2 g of tart-butyl 4- K 2-cmoro.5.6- 
dimemyl-3-mtropyridm^yl)annno]butylcarbamate. 
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PartB 

The purified <ert-bmyl 4-[(2-ohloro-5,6-dimethyl-3-nitrop y ndm-4- 

*» A « «* «"* ttrt " bUtyl *?T^ 38 

aiu.emyW-mtmpytidm-^y ^^camama, e from a similar expenmem to y. d 3 

g (app.oxfina.eiy .01 mmo.) of materia wfiiehwaa combined with sodmm az.de (13.0 g, 
202 mmol), ceriamdH) ehloride heptahydrate (19.0 g, 51.0 mmol), and 9:1 
acetontrileywater (300 mL). The reaction mixture was heated a! reflux for 3 day,, d. was 
aUowed to cool to room temperature and was filtered Tfie filter cake was rmsed wrm 
DMF. The filtrate was concentrated under reduced pressure to yield an 0.1 that was 
purifiedby flash chromatography (silica gel, elution with 2:1:1 ethyl 
acetatefcexanes/chlorofom, Mowed hy 4:1 emyl acetate/chloroform) to afford 23 g of 



5 PartC 



20 



Amixture of <ert-butyl 4-[(5,6Hfimethyl-8-nitrotetraazolo[l,5- < .]pyridm-7- 
y l)amino]butylcarbama.e (9.00 g, 23.7 mmol), 10% palladium on carbon (900 mg), and 
acetontrile (100 mL) waa hydrogenated on a Parr apparams for 5 hours. The mixture was 
fitted through CELITE filter agent, which was rinsed afterwards with methanol. The 
IBM. waa concentrated under refiucod pressure to yield 6.70 g ***** 4-[(8-ammo- 
5,6^emyltetraa Z olo[l,5-a]pyridm-7-yl)amino]butylcarbamate. 



PartD 



25 



30 



Ethyl 2-chloroemammidoate hydrochloride (ethyl chloroacetimidate hydrochlot.de) 
(2 58 g 16 4 mmol) waa added to a solution of rert-butyl 4-[(8-amino-5,6- 
d imemyl.en^lo[l,5^pyrimn-7-yl)=m»o]bn^lca*ama.e(3.80 g, 10.9mmol)m 

chloroform (75 mL). The solution was stirred for 3 days, then aatumted aoueou, sodmm 
bicarbonate (40 mL) was addefi. The aqueous phase waa extracted with chlomform (3 x 
40 mL). The organic phases were combined, washed with water (2 x 20 mL) and saturated 
aqueous sodium bicarbonate (20 mL), dried over magnesium sulfite, filtered, and 
concentrated under reduced pressure to afford 4.3 g of art-butyl 4-[8-(ehloromemyl)-5,6- 
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in the next step without purification. 



PartE 



te rt-Butyl4-[8KcMorom^^ 
a] pyridin-7-yl]butylcarbamate (4.05 g, 9.40 mmol) was dissolved in 4 M HC1 in dioxane 
(25 mL). Almost immediately, a solid precipitated and methanol was added (25 mL). 
After 10 minutes, the reaction mixture was concentrated under reduced pressure and the 
residue was dried under vacuum. The residue was dissolved in dichloromethane (50 mL) 
and the solution was cooled to 0 °C, then triemylamine (5.24 mL, 37.6 mmol) was added 
followed by methanesulfonic anhydride (2.46 g, 14.1 mmol). After 10 minutes, more 
triemylamine and methanesulfonic anhydride (2 equivalents each) were added and stimng 
was continued for 50 minutes. The reaction mixture was partitioned between saturated 
aqueous sodium bicarbonate (20 mL) and dichloromethane (40 mL). The aqueous layer 
was extracted with dichloromethane (2 x 15 mL). The organic layers were combined, 
washed with saturated aqueous sodium bicarbonate (2 x 20 mL), dried over magnesium 
sulfate, filtered, and concentrated under reduced pressure to yield an off-white sohd. The 
solid was dissolved in dichloromethane/chloroform and the solution was transferred to a 
separatory funnel. The solution was washed with saturated aqueous sodium carbonate, 
water, and saturated aqueous sodium carbonate. The solution was dried over magnesium 
sulfate, filtered, and concentrated under reduced pressure to yield 2.1 g of tf-{4-[8- 

(cmoromemyl)-5,6-tomy^^ 
yl]butyl}methanesulfonamide. 

PartF 

Mydroxyphthalimide (64 mg, 0.39 mmol) was added to a stirred solution ofN- 
{4 -[8-(cMoromemyl)-5^^ 

yl]butyl}methanesulfonamide (100 mg, 0.26 mmol) in DMF (2.6 mL). Triemylamine 
(0 109 mL 0 78 mmol) was added dropwise, causing the solution to turn red. After 3 
hours, more Ar.hydxoxyphmalimide and triemylamine (3 equivalents each) were added and 
stirring was continued overnight. The solvent was removed under reduced pressure. To 
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the resulting oil was added ethyl acetate and water, which caused a yellow solid to form. 
The solid was isolated by filtration, washed with chloroform, and then was triturated with 
ethyl acetate and isolated by filtration to afford tf-[4-(8-{[(l,3-dioxo-l,3-(Imy^ 
isomdol-2-yl)oxy]memyl}-5,6-dimemylW 
yl)butyl]memanesulfonamide as a yellow solid. 

Part G 

A mixture of A^8-{[(U-diaxo-13-^ 
dimemyl-7#-imidazo[4,5- C ]tefr^^ 

mg, 0.40 mmol), hydrazine hydrate (0.4 mL), and ethanol (4 mL) was stirred for 30 
minutes. The solvent was removed under reduced pressure and the residue was partitioned 
between 1 M aqueous HC1 (20 mL) and dichloromethane (10 mL). The aqueous phase 
was washed with dichloromethane (3x8 mL), then was adjusted to pH 12 with 1 M 
aqueous sodium hydroxide and was concentrated under reduced pressure. To the residue 
was added acetone (10 mL) and methanol (10 mL), and the reaction mixture was stirred 
for 3 hours. The solvent was removed under reduced pressure and the residue was 
partitioned between dichloromethane (20 mL) and saturated aqueous sodium carbonate (20 
mL). The aqueous phase was extracted with dichloromethane (3x10 mL). The organic 
layers were combined, washed with saturated aqueous sodium carbonate (3x10 mL), 
dried over magnesium sulfate, filtered, and concentrated under reduced pressure. The 
crude product was purified by chromatography on a HORIZON HPFC system (silica gel, 
gradient elution with 20-40% CMA in chloroform, where CMA is 80:18:2 
chloroform/methanol/concentrated ammonium hydroxide) to yield 91 mg of iV-{4-[5,6- 
mmemyl-8-({[(l-memylemyUdene)animo]oxy}memyl)-7if-imidazo[4,5 

a]pyridin-7-yl]butyl}methanesulfonamide as a white foam. 
PartH 

A mixture of i^{4-[5,6-dmemyl-8-({[(l-memylemyUdene)amino]oxy}methyl)- 

7tf-imidazo[4,5-c]tetraazo^^ ( 720 m & 1/70 

mmol), triphenylphosphine (670 mg, 2.55 mmol), and 1 ,2-dichlorobenzene (15 mL) was 
heated at 1 10 °C for 2 days. The solvent was removed under reduced pressure and the 
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residue was purified by chromatography using a HORIZON HPFC system (silica gel, 
gradient elution with 15-45% CMA in chloroform) to yield starting material and the ylide 
product, which were combined and resubmitted to the reaction conditions for 5 days. 
After 5 days, the temperature was increased to 120 °C and stirring was continued for 
5 another day. The reaction was allowed to cool to room temperature and was concentrated 
under reduced pressure to yield a residue that was purified using the conditions described 
above to afford the AT-triphenylphosphinyl ylide product. That material was divided and 
treated with 1 M HC1 in methanol at room temperature or with methanol and water at 60 
o C The two reactions were combined and the methanol was removed under reduced 
10 pressure. The acidic aqueous layer was washed with dichloromethane (3 x 5 mL), then 
was adjusted to a basic pH with sodium carbonate. The mixture was extracted with 
dichloromethane (3 x 20 mL). The organic layers were combined, dried over sodium 
sulfate, filtered, and concentrated under reduced pressure. The crude product was purified 
by chromatography using a HORIZON HPFC system (silica gel, gradient elution with 15- 
15 35% CMA in chloroform) followed by crystallization from dichloromemane/heptane to 
afford 104 mg of iV^-{4-[4-animo-6,7-dimethyl-2-({[(l- 
memylemyUdene)ammo]oxy}methyl)-lH-inndazo[4,5-c]pyridin-l- 

yl]butyl}methanesulfonamide as a white powder, mp 157.0-159.0 °C. 

Anal. Calcd for C 17 H 28 N 6 0 3 S: C, 51.50; H, 7.12; N, 21.19; Found: C, 51.41; H, 7.22; N, 

20 21.17. 
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Example 88 

A^4-[4-Ammo-6/7-dim^^ 

imidazo[4,5- c ]pyridin-l-yl]butyl}-N'-cyclohexyluTea 



NH 2 




,0 

H \ / — > 

5 Part A 

Concentrated hydrochloric acid (10 mL) was added to a suspension of terf-butyl A- 
[8Kchloromethyl)-5,6-dimethyl-7H-imdazo[4,5- C ^ 

yl]butylcarbamate (prepared in Parts A-D of Example 87, 1.00 g, 2.30 mmol) in methanol 
(23 mL). The reaction mixture was stirred at room temperature for 2 hours, then was 
10 concentrated under reduced pressure to yield a residue. The residue was concentrated 
twice from toluene to remove residual water, then was triturated with methanol. A sohd 
was isolated by filtration and was dried under vacuum to provide 0.68 g of 4-[*- 
( c Moromemyl)-5,6-aime^^ 
amine hydrochloride. 

15 

PartB 

Cyclohexyl isocyanate (0.285 mL, 2.20 mmol) was added to a flask containing 4- 
[8<cMoromemyl)-5,6-dime^^ 

amine hydrochloride (680 mg, 1.98 mmol), triethylamine (0.31 1 mL, 2.2 mmol), and 
20 dichloromethane (20 mL). The reaction mixture was stirred at room temperature for 2 

hours and additional triemylamine and cyclohexyl isocyanate (1.1 equivalents each) were 
added. The reaction mixture was stirred overnight at room temperature, then was 
partitioned between dichloromethane (50 mL) and 2:1 water/saturated aqueous sodium 
carbonate (30 mL). The aqueous layer was extracted with dichloromethane (3 x 20 mL). 
25 The organic layers were combined, washed with 0.5 M aqueous sodium hydroxide (2 x 30 
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* 

4 

, , Q TT,,,. rpcuitine white solid was triturated 
mL) and concentrated under reduced pressure. The resulting wm 

with' ethyl acetate, isolated by filtration, and washed with ethyl acetate and water to 

provide 777 mg of ^dtan-fl^^ 
a]pyridin-7-yl]butyl}-iV , -cyclohexylurea. 

Part C 

Mydroxyphthalimide (5.32 g, 32.6 mmol) and triethylamine (4.54 mL, 32.6 
mmmol) were added to a suspension of iV-{4-[8-(chloromethyl)-5,6-dimethyl-7H- 

imidazo[4,5-c]tetraa^ (9 °° S ' 233 

in DMF (1 L). The reaction mixture was allowed to stir overnight, then was concentrated 
under reduced pressure to a white slurry. Methanol was added and a white solid was 
isolated by filtration, washed with methanol, and dried under vacuum to afford 1 1 .6 g of 

tf-cyclohexyl-JVH^^ 
mmemyl-7i^midazo[4,5^^ 



PartD 



Anhydrous hydrazine (0.50 mL, 16.1 mmol) was added to a stirred suspension of 
tf-cyclohexyl-^^ 

dimemyl-7H-mud^^^ (3 °° g ' 536 am * D 

in ethanol (36 mL). Over the next hour, dichloromethane (40 mL) and ethanol (20 mL) 
were added to prevent the reaction from soUdifying. After one more hour, the solvent was 
removed under reduced pressure, then acetone (27 mL) and methanol (27 mL) were added. 
The mixture was stirred at room temperature for 2 hours, then a solid was isolated by 
filtration and washed with methanol. To the solid was added 1 M aqueous sodium 
hydroxide and the mixture was sonicated for 1 minute. The solid was isolated by 
filtration, washed with water, and dried under vacuum at 70 °C to provide 2.36 g of J* 
cyclohexyl-JV 1 -^^ 

inndazo[4,5-c]tetraazolo[l,5-a]pyridm-7-yl]butyl}urea. 
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10 



15 



20 



25 



PartE 

AmixtureofW-cyclohexyl-tf-{4-[5,6-to 
ttefcytamyntoe^loxy^^^^ 

y,,bmyl)urea (2.30 g, 4.90 mmol), triphenylphosphine (2.81 g, 10.7 mmo,), and U- 
dicMorobenzene (50 mL) was heated a, 120 -C for 1 day. The reaction nurture was 
aUowed «o coo, «> room temperature and was stirred overnight. The solvent was removed 
under reduced pressure. The residue was triturate* with memanoVethy, acetate to afford 
1 5 g of me starting material after filtration. The filtiate was concenhated onto reduced 
pressure and the residue was combine* with me 1 .5 g of starting material. The cnmbmed 
materia, was rejected to the ration condition* for 2 day, The reaction nurture was 
aUowed to cool to room temperature, concentrated under reduced pressure, and was 
purified by chromatography using a HORIZON HPFC system (silica gel, gtamen. elntion 
Witt, 5-30% CMA in chloroform) to provide me ylide product. The ylide product was 
dissolved in methanoVwater/acetic acid and heated a. 50 «C for 1 day. More acetic actd 
was added and me reaction was heated a, 55 'C for 1 more day. The reaction was aUowed 
» cool to room temperature and was concentrated under reduced pressure. The res-due 
was partitioned hereon saturated aqueous, sodium carbonate (100 mL) and chloroform 
(,00 mL). The aqueous layer was extracted with chloroform (3 x 40 mL). The orgamo 
layers were combined, washed with saturated aqueous sodium carbonate (2 x 20 mL), 
dried over sodium sulfate, filtered, and concentrated under reduced pressum. The matenal 
was purified by chromatography, followed by trihnation wim dichlorometirane/emyl 
JL, fbUowed by cystaffization torn 2-propanoiMater h> afford a soUd tha, was heated 
with 1 M aqueous HC1, isolated by filtration, and dried to afford 38 mg of *W*— 
6,7wtaemyl-2<([(l-memylemyti^ 

yllbutyD-iV-cyclohexylurea as a white powder, mp 210.0-212.0 °C. 

Ana,. Caicd fcr C*N*1.« HC0.2 ftO; C, 57.12; H, 8.00; N, 20.27; Found; C, 



57.42; H, 8.39; N, 20.30. 
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Example 89 

tf. {4 -[4-An^ 

imidazo[4,5-c]pyridin-l-yl]butyl}benzanii(ie 



10 



15 



20 




Part A 

Benzoic anhydride (3.1 g. 13.8 mmol) was added to a flaak containing 4-[8- 
(cUommemylVS.o-dimemyM^^ n 
^e hydrochloride (prepared as described in Part A of Example 88, 4.30 g, 12.5 mmol), 
triethylamine (3.70 mL, 26.3 mmol), and dichloromethane (100 mL) at 0 °C. The reaction 
nuxture was steed a. room tempexatnre for 1 day and additional Methyiamine (0.5 mL) 
and benzoic anhydride (0.8 g) were added. The reaction mixtnre was stirred for 6 hours a, 
room temperature. The volatiles were removed nnder reduced pressure and water (50 mL) 
Mowed by ethyl acetate (50 mL) were added to me solid residue. The mixture was 
sunicated for 1 minute, men the solid was isolated by filtration, washed with water and 
ethyl acetate, and dried under vacuum to afford 4.7 g of M4W<M"»-W^ 
dhnemyl-7H-i.mdazo.4,5-^^ 



PartB 



The method described in Part C of Example 88 was used to convert 4.7 g of N-{4- 
[8-(chloromefcyl)-5,6-d^^^ 

yHbutyDbenzamide into 5.7 gof Ar-[4.(8-{[(l,3-dioxo.l3-dihydro.2H-isomd 0 l-2. 

yl)oxy]memyl}-5,6-dime^^^ 
yl)butyl]benzamide. 
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PartC 



Anhydrous hydrazine (0.47 mL, 15 mmol) was added to a stirred suspension of N- 
[4-(8-{[(l 3 ^oxo-l,3^ydro-2ff-isomdol^ 

irnidazo^^^ (2-8 & 5 0 ***** m etha » o1 

(50 mL) After two hours, a solid was isolated by filtration and the filter cake was washed 
with ethanol. Acetone (25 mL) and methanol (25 mL) were added to the solid and the 
mixture was stirred overnight. The volatiles were removed under reduced pressure to 
afford a solid that was triturated with 1 M aqueous sodium hydroxide (10 mL) and 1:1 
methanol/acetone (4 mL). The solid was isolated by filtration, washed with water, and 
dissolved in chloroform (100 mL). The solution was dried over magnesium sulfate, 
filtered, concentrated under reduced pressure, and dried under vacuum to afford 1 .9 g of a 
tf-^e-dinethy^^ 

cltetraazolotLS-alpyridm^-yybutyllbenzamide as a white solid. 



PartD 

Amixture of iV-{445,6-dime^ 

7tf-imidazo[4,5-c]te^ < 19 * 42 mm ° 1) ' 

triphenylphosphine (2.2 g, 8.4 mmol), and 1 ,2-dichlorobenzene (40 mL) was heated at 125 
°C for 2 days. The reaction was allowed to cool to room temperature and was 
concentrated under reduced pressure. The residue was dissolved in methanol (20 mL) and 
1 M aqueous hydrochloric acid (20 mL) and heated at 40 °C for 6 hours. The reaction was 
allowed to stand at room temperature overnight and a white precipitate formed that was 
removed by filtration. The filtrate was concentrated under reduced pressure and the 
residue was partitioned between 1 M aqueous hydrochloric acid (20 mL) and chloroform 
(10 mL). The aqueous layer was extracted with chloroform (3x10 mL). The organic 
layers were combined, washed with saturated aqueous sodium carbonate, dried over 
sodium sulfate, filtered, and concentrated under reduced pressure. The solid was purified 
by chromatography using a HORIZON HPFC system (silica gel, gradient elution with 10- 
35»/o CMA in chloroform). The appropriate fractions were combined and concentrated 
under reduced pressure. The solid was triturated with ethyl acetate and was isolated by 
filtration, washed with ethyl acetate, and dried under vacuum at 50 °C overnight to provtde 
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0.85 g of JH4-[4-ammo-6,7^ 

imidazo[4 ) 5- C ]pyridin-l-yl]butyl}benzainide as a white powder, mp 206.0-208.0 °C. 
Anal. Calcd for C 23 H3oN 6 0 2 .0.06 CHC1 3 : C 64.46; H, 7.05; N. 19.56; Found: C, 64.31; H, 



7.06; N, 19.55. 



Example 90 

i^{4-[4-Ammo-6 ) 7-dimethyl-2-({[(l-methylemyUdene)ann^ 

inndazo^^-clpyridm-l-yybutyn^-methylpropanamide 




Part A 

Isobutyric anhydride (2.28 mL, 13.8 mmol) was added to a flask containing 4-[8- 
(cmoromethyl)-5,6-dimemyl-7tf-^^ 

amine hydrochloride (prepared as described in Part A of Example 88, 4.30 g, 12.5 mmol), 
triethylamine (3^6 mL, 26.3 mmol), and dichloromethane (100 mL) at 0 °C. The reaction 
mixture was stirred at room temperature for 3 hours. The solution was concentrated under 
reduced pressure and water (50 mL) followed by ethyl acetate (50 mL) were added to the 
solid residue. The mixture was sonicated for 1 minute, then the solid was isolated by 
filtration, washed with water and ethyl acetate. Toluene was added to the solid and the 
mixture was concentrated under reduced pressure. The solid was dried under vacuum to 
afford 4.12 g of jV-{4-[8<cMoromethyl)-5,6-dime^^ 
a]pyridin-7-yl]butyl}-2-methylpropanamide. 



PartB 

The general method described in Part C of Example 88 was used to convert 4.10 g 
^4-[8-(cworomemyl)-5,6-dime^ 

yl]butyl}-2-methylpropanamide into 4.92 g of ^-[4-(8-{[(l,3-dioxo-l,3-dihydro-2ff- 
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isomdol-2-yl)oxy]methyl}-5^ 
yl)butyl] -2-methylpropanamide. 

PartC 

5 Anhydrous hydrazine (0.91 mL, 29 mmol) was added to a stirred suspension of N- 

[4-(8- {[(1 ,3-dioxo-l 5 3-dihydro-ZPf-isoindol-2-yl)oxy]methyl} -5,6-(fcmethyl-7#- 
imidazo[4,5-c]tetraazolo[l,5-a]py^ (4.90 g, 9.71 

mmol) in ethanol (100 mL). Dichloromethane (50 mL) was added. After four hours, 
acetone (50 mL) was added and the reaction mixture was stirred overnight. A solid was 

■ 

10 removed by filtration and washed with methanol. The filtrate was concentrated to provide 
a solid that was triturated with 1 : 1 saturated aqueous sodium bicarbonate/water. The solid 
was isolated by filtration, washed with water, and dissolved in chloroform (300 mL). The 
solution was washed with water (2 x 50 mL), dried over sodium sulfate, filtered, 
concentrated under reduced pressure, and dried under vacuum to afford N-{4-[5,6- 

15 dimethyl-8^{[(l-me1hylethyM 

a]pyridin-7-yl]butyl} -2-methylpropanamide that was used in the next experiment. 

PartD 

A mixture of iy-{4-[5,6-dimethyl-8-({[(l-me^ 

20 7#-inudazo[4,5-c]tetra^ (from Part 

C, approximately 9.71 mmol), triphenylphosphine (5.1 g, 19 mmol), and 1,2- 
dichlorobenzene (97 mL) was heated at 125 °C for 2 days, then stirred at room temperature 
for 3 days, then heated at 130 °C for 5 hours. The reaction was allowed to cool to room 
temperature and was concentrated under reduced pressure. The residue was dissolved in 

25 methanol (80 mL) and 1 M aqueous hydrochloric acid (40 mL) and heated at 40 °C for 6 
hours. The reaction was allowed to stir at room temperature overnight and a white 
precipitate formed that was removed by filtration. The filtrate was concentrated under 
reduced pressure and the residue was partitioned between 1 M aqueous hydrochloric acid 
(20 mL) and chloroform (10 mL). The aqueous layer was extracted with chloroform (3 x 

30 10 mL) . The organic layers were combined, washed with saturated aqueous sodium 

bicarbonate, dried over sodium sulfate, filtered, and concentrated under reduced pressure. 
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The solid was purified by chromatography using a HORIZON HPFC system (silica gel, 
gradient elution with 5-55% CMA in chloroform). The appropriate fractions were 
combined and concentrated under reduced pressure. The resulting solid was triturated 
with acetonitrile and then was recrystallized from acetonitrile to provide N-{4-[4-amino- 
6 ,7-dimethyl-2-({[(l -methylethylidene)amino]oxy} methyl)-l/f-imidazb[4,5-c]pyridin- 1 - 
yl]butyl}-2-methylpropanamide as a white powder, mp 180.0-181.0 °C. 
Anal. Calcd for C20H32N6O2: C, 61.83; H, 8.30; N, 21.63; Found: C, 61.65; H, 8.65; N, 
21.70. 

Example 91 

N- {4-[4-Amino-2-( {[ethylideneamino]oxy}methyl)-6 ,7-dimethyl-liWmidazo[4,5^ 

cjpyridin- 1 -yl]butyl} benzamide 




Part A 

Anhydrous hydrazine (0.481 mL, 15.3 mmol) was added to a stirred suspension of 

i 

7V-[4-(8-{[(l,3 -dioxo- 1 ,3 -dihydro^i^isoindol^-yOoxylmethyl} -5 ,6-dimethyl-7iZ"- 
inndazo[4,5-c]tetraazolo[l,5-a]pyridin-7-yl)butyl]benzami (prepared as described in 
Part B of Example 89, 2.86 g, 5.11 mmol) in ethanol (50 mL). The reaction was stirred 
overnight and then was concentrated under reduced pressure. Methanol (25 mL) was 
added and the mixture was cooled to 0 °C. Acetaldehyde (2.9 mL) was added and the 
reaction mixture was stirred overnight. The reaction mixture was concentrated partially 
under reduced pressure, then 1 M aqueous sodium hydroxide (50 mL) was added and the 
mixture was sonicated for 1 minute. The solid was isolated by filtration, washed with 
water, and dried under vacuum at 70 °C to provide a 3:1 ratio of oxime isomers of JV-{4- 
[8-( {[ethyhdeneammo]oxy}meth^^ 
a]pyridin-7-yl]butyl}benzamide. 
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PartB 

A mixture of 7^{4-[8-({[ethyUdeneammo]oxy}memyl)-5,6-dimethyl-7H- 

m 

imidazo[4,5-c]tetraazolo[l,5-a]pyridin-7-yl]butyl}benzamide (2.0 g, 4.6 mmol), 
triphenylphospbine (2.4 g, 9.2 mmol), and 1 ,2-dichlorobenzene (50 mL) was heated at 125 

5 °C for 2 days. The reaction mixture was allowed to cool to room temperature and was 

concentrated under reduced pressure. The residue was dissolved in methanol (40 mL) and 
1 M aqueous hydrochloric acid (20 mL) was added. The mixture was heated at 50 °C for 6 
hours. The mixture was allowed to stand at room temperature overnight and a white 
precipitate formed that was removed by filtration. The methanol was removed under 

1 0 reduced pressure and chloroform (20 mL) was added. The aqueous phase was adjusted to 
pH 12 with 1 M aqueous sodium hydroxide. The aqueous phase was extracted with 
chloroform (3 x 10 mL). The organic phases were combined, dried over sodium sulfate, 
filtered, and concentrated under reduced pressure. The material was purified by 
chromatography using a HORIZON HPFC system (silica gel, gradient elution with 10- 

15 35% CMA in chloroform). The appropriate fractions were combined and concentrated 
under reduced pressure to provide a solid that was triturated with acetontrile, crystallized 
from acetontrile, and purified again by chromatography as described above using 5-40% 
CMA in chloroform as the eluent to provide 32 mg of N-{4-[4-amino-2- 
({[emyh\ieneammo]oxy}memyl)-6,7-dim^ 

20 yl]butyl}benzamide as a white powder and as a mixture (approximately 1 : 1 mixture) of 

oxime isomers, mp 192.0-194.0 °C. 

Anal. Calcd for C 2 2H 28 N6O 2 -0.07 CHC1 3 : C, 63.59; H, 6.79; N, 20.16; Found: C, 63.25; H, 
7.03; N, 20.43. 
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Example 92 

iV-{3-[4-Aimno-2K{[(l-methylethyUdene)ammo]oxy>methyl)-lH4midazo[4 J 5 

c][l,5]naphthyridin-l-yl]propyl}-2-methylpropanamide 




Part A 

A solution of tert-butyl 3-aminopropylcarbamate (15.7 g, 90.2 mmol) in 
dichloromethane (50 mL) was added dropwise over 30 minutes to a solution of 4-chloro-3- 
nitro[l,5]naphthyridine (18.0 g, 85.9 mmol) and triethylamine (15.6 mL, 112 mmol) in 
dichloromethane (235 mL) at room temperature. The reaction mixture was stirred for 2.5 
hours and then concentrated under reduced pressure to afford an orange solid. Water (300 
mL) was added and the mixture was stirred for 1 hour. The solid was isolated by filtration, 
washed with water (3 x 50 mL), and dried under vacuum at 70 °C to afford 29.5 g of tert- 
butyl 3-[(3-mtro[l,5]naphmyridin-4-yl)amino]propylcarbamate as a yellow solid. 



PartB 

A mixture of tert-butyl 3-[(3-mtro[l,5]naphmvridm-4-yl)amino]propylcarbamate 
(20.0 g, 57.6 mmol), 5% platinum on carbon, and ethyl acetate was hydrogenated on a Parr 
apparatus for 2 hours at 30 psi (2.1 x 10 5 Pa). The mixture was filtered through CELITE 
filter agent, which was rinsed afterwards with ethyl acetate (150 mL). The filtrate was 
concentrated to afford tert-butyl 3-[(3-animo[l,5]naphmyri(iin-4- 
yl)amino]propylcarbamate as a yellow foam, all of which was used in the next step. 

PartC 

Chloroacetyl chloride (5.00 mL, 63.4 mmol) was added dropwise to a 0 °C solution 
of tert-butyl 3-[(3-animo[l,5]naphmyridm-4-yl)amino]propylcarbamate (from Part B, 
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approximately 57.6 mmol) in dichloromethane (230 mL). The reaction was allowed to 
warm to room temperature and was stirred for 1 hour. The solvent was removed under 
reduced pressure to afford tert-butyl 3K{3-[(cmoroacetyl)animo]41,5]naphmyridin-4- 
yl}amino)propylcarbamate hydrochloride as a solid, all of which was used in the next step. 



PartD 

To a solution of tert-butyl 3<{3-[(cMoroacetyl)amino][l,5]naphthyridin-4- 
yl}amino)propylcarbamate hydrochloride (from Part C, approximately 57.6 mmol) in 3:1 
ethanol/water (240 mL) was added 6 M aqueous potassium carbonate. The reaction 
mixture was stirred at room temperature for 1 hour, 40 °C for 1 .5 hour, then at room 
temperature overnight. The volatiles were removed under reduced pressure and the 
residue was partitioned between dichloromethane (250 mL) and water (150 mL). The 
aqueous layer was extracted with dichloromethane (2 x 75 mL). The organic layers were 
combined, dried over magnesium sulfate, filtered, and concentrated under reduced pressure 
to afford 18.9 g of tert-butyl S-PKcMoromemylVl^-imidazo^S-cKLSlnaphmyridin-l- 

yl]propylcarbamate. 
PartE 

Concentrated hydrochloric acid (1 5 mL) was added to a suspension of tert-butyl 3- 
[2-(cWoromemyl)-l^-imidazo[4,5-c][l,5]naphmyri(lm- (8-0 & 21.3 

mmol) in methanol (90 mL). The resulting solution was allowed to stir at room 
temperature for 72 hours. A solid formed that was isolated by filtration, washed with a 
minimal amount of methanol, and dried under vacuum to afford 6.11 g of 3-[2- 
(cMoromemyl)-l//-imidazo[4,5- C ][l,5]naphmyridin-l-yl]propan-l^ hydrochloride as 

a pale yellow solid. 
PartF 

wo-Butyric anhydride (0.850 mL, 5.11 mmol) and triemylamine (1.50 mL, 10.7 
mmol) were added to a suspension of 3-[2-(chloromethyl)-l/f-imidazo[4,5- 
c][l,5]naphmyridm-l-yl]propm-l-amine hydrochloride (1.33 g, 4.26 mmol) in 
dichloromethane (25 mL). The reaction mixture was stirred for 3 hours and the suspension 
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sl0 wly dissolved. The solution was partitioned between dich.orome.hane (20 mL) and 
saturated aqueous sodium bicarbonate (30 mL). The aqueous layer was extracted wnh 
oichforomefoane (20 mL). The organic layers were combined, dried over m.gneatum 
sulfate, filtered, and cnncennated to afford 1.41 g of W-{3-[2-(chloromemyl)-lH- 
mndazo^ltl.Slnaph^ 
without further purification. 

• Part G 

mCPBA (0.985 g, 5.71 mmol) was added to a suspension of W-{3-[2- 
(cmommemylHH-nmdazo^-^ 

„ 41 g 4 08 mmol) in chloroform (20 mL). The reaction mixture waa allowed to stir for 4 
hours a. room temperatitre. Concentiated ammonium hydroxide (5 mL) followed by,- 
t ohrenesu>fonyl chforide (0.854 g, 4.48 mmo.) were added and tire mixture was stirred a, 
room temperature for 1 hour. The mixture was diluted with chloroform (25 mL) and brme 
(40 mL) and transferred to a separatory funne!. The aqueous layer was extracted wrth 
chloroform (20 mL). The organic layers were combined, dried over magnesium sulfate 
ffltered and concentrated to afford a tan solid. Trituration with methanol and isolation by 

ffltration afforded 0.670 g of iv-<3-[4-anrmo^^ 
c]tl,5]naphmyridm-l-yl]propyl}-2-methylpropanamide. 



20 



25 



Triethylamine (0.340 mL, 2.41 mmol) and tf-hydroxyphmahmide (0.333 g, 2.04 
ouno.) were added ,o a suspension of ^^anmro-^rotnemyiVlH-imld^S- 
cl[l 5]naphmyridin-l-yl]pro P yl>-2-memylpropanantide (0.670 g, 1.86 mmol) m DMF (10 
oi) The reaction was allowed to stir a. room temperature for 4 houm, then waa 
concentrated under reduced pressure. The residue was triturated with methane. to afford 
0 848 g of N .[3K4-anmo-2- {K l,3^oxo-l,3-d^^ 

mudazo t 4,5-c](l,5]naphm^^ 35 a «" M 
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Parti 

Anhydrous hydrazine (0.160 mL, 5.22 mmol) was added to a suspension of N-[3- 
(4 _armno-2-{[(l,3-dioxo-l>^^ 

[i^naphmyridin^^ (0-848 g, 1.74 mmol) in ethanol (10 

tnL) The mixture was allowed to stir at room temperature for 2.5 hours, then was 
concentrated under reduced pressure to yield crude N<3- { 4-anuno-2-[(aminooxy)methyl]- 

1H -inndazo[4,5-c]^ ** ^ 

all of which was used in the next step . 

Part J 

Acetone (1 mL) was added to a solution of the N-(3- {4-amino-2- 
[(anunooxy)methyl]-ltf^^ 

xnethylpropanamide from Part I in methanol (10 mL). The reaction mixture was allowed 
to stir overnight at room temperature. The volatiles were removed under reduced pressure 
and the residue was purified by chromatography on a HORIZON HPFC system (silica gel, 
0-25% CMA in chloroform) to afford 0.495 g of J\T-{3-[4-amino-2-({[(l- 
m emylemyhdene)anm,o]oxy>memyl)-lH-imid^ 
methylpropanamide as off-white needles, mp 195-197 °C. 
MS (APCI) m/z 398 (M + H) + ; 

Anal, calcd for C 20 H 27 N 7 O 2 : C, 60.44; H, 6.85; N, 24.67. Found: C, 60.28; H, 7.14; N, 
24.34. 
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Example 93 

N- {3-[4-Amino-2-( {[(1 -methylethyUdene)amino]oxy}methyl)- l/Wmidazo[4,5-c]-l ,5 

naphthyridin-l-yllpropyU-iV-cyclohexylurea 




Part A 

Cyclohexyl isocyanate (0.70 mL, 5.50 mmol) and triethylamine (1.74 mL, 12.5 
mmol) were added to a stirred suspension of 3-[2-(chloromethyl)-lH-imidazo[4,5- 
c ][l,5]naphmyridm-l-yl]propan-l-armne hydrochloride (prepared as described in Parts A- 
E of Example 92, 1.56 g, 5.00 mmol) in dichlbromethane (25 mL). A solution eventually 
formed from which a solid precipitated: The mixture was allowed to stand at room 
temperature overnight, then the solid was isolated by filtration and washed with a minimal 
amount of dichloromethane to afford 1.52 g of iV-{3-[2-(cWoromemyl)-li/-imidazo[4,5- 
C ][l,5]naphmyridm-l-yl]propyl>-JNr-cyclohexylurea as a white solid. 



PartB 

mCPBA (0.982 g, 5.69 mmol) was added to a suspension of N-{3-[2- 

g, 3.79 mmol) in chloroform (20 mL). The reaction mixture was allowed to stir for 4 
hours, then additional mCPBA (1 equivalent) was added. After 2 hours, the reaction 
mixture was diluted with chloroform and washed with saturated aqueous sodium 
bicarbonate (2 x 40 mL). The aqueous layers were combined and back-extracted with 
chloroform (20 mL). The organic layers were combined, dried over magnesium sulfate, 
filtered, and concentrated to afford 1 .61 g of a pale yellow solid. The solid was suspended 
in chloroform (20 mL) and concentrated ammonium hydroxide (5 mL) mdp- 
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toluenesulfonyl chloride (0.795 g, 4.17 mmol) were added. The reaction mixture was 
allowed to stir at room temperature for 2 hours, then the product was isolated by filtration 
to afford 0.972 g of iV{3-[4-ammo-2-(cMorom^^ 
l-yl]propyl}-W-cyclohexylurea as a white solid. 

PartC 

The general method described in Part H of Example 92 was used to convert N-{3- 
[4-amino-2<chloromemylH^^ 

cyclohexylurea (0.972 g, 2.34 mmol) into 0.738 g of JV-[3-(4-ammo-2-{[(l,3-d^^^ 
dmydxo-2/Msomdol-2-y^ 

/V-cyclohexylurea, which was isolated as a white solid. 
PartD 

The general method described in Part I of Example 92 was used to convert 7V-[3-(4- 
ammo-2-{[(l,3-moxo-13-dihydro-2H4soindol-2-yl)ox 

C ][l,5]naphthyridin-l-yl)pro P yl]-iV-cyclohexylurea (0.738 g, 1.36 mmol) into 0.561 g of 
tf_(3-{4-animo-2-[(ain^^^ 

JV-cyclohexylurea, which was isolated as a white solid and used without purification in the 
next step. 

PartE i 

A modification on the general method described in Part J of Example 92 was used 

to convert JVK3-{4-animo-2-[(arn^ 

yl}propyl)-iY-cyclohexylurea (from Part D, approximately 1.36 mmol) into 0.403 g of 7V- 
{3-[4-ammo-2-({[(l-memylemyUdene)amino]oxy}memyl)-liY-imidazo[4,5- 

cltl^lnaphmyridin-l-yllpropyU-iV-cyclohexylurea. The crude product was purified by 

chromatography on a HORIZON HPFC system (silica gel, 0-30% CMA in chloroform). 

TV- {3-[4-ammo-2-({[(l-metoyle^ 

naphmyridin-l-yl]propyl}-/V-cyclohexylurea was isolated as white needles, mp 207-208 
°C. 

MS (APCI) m/z 453 (M + H) + ; 
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T ^ c <i rt/i h 7 ivN 24 76 Found: C, 60.98; H, 7.27; N, 
Anal, calcd for C 2 3H 32 N 8 0 2 : C, 61.04; H, 7.13, N, 24. /o. r 

24.80. 

Example 94 
1 ,5-naphthyridin-l-yl]propylcarbamate 




Part A 

^Hydmxyphthalimide (2.06 g, 12.7 mmol) and triethylamine (2.40 mL, 17.3 
^nol) were added to a solution of tert-bmyl 3 -[2-(c U oromethyl)-li/-taidazo[4,5- 
eI , Slnaphthyndin-l-yllpropytaarbam^ (prepared as described in Paris A-D of Example 
92 U 5 mmol) m DMF (60 mL). The reaction waa allowed to stir overnight at room 
temperature. The resulting orange suspension waa dnuted with water (40 mL) and me 
soUd was isolated by filtration, washed with water (2 x 30 mL), and dried in a vacuum 
oven at 70 °C to afford 4.86 g of tart-butyl 3<2-([(l, 3 -dioxo-l,3-dmydro-2H-isomdol-2. 

vl) „xy]memyl}-W-tarida.o[4,5-^ 

. . * 4.fi,^^nnrifirationinthenext step. 



Part B 

mCPBA (2.33 g, 13.5 mmol) waa added to a suspension of tart-butyl 3-(2-{[(l,3- 
di„xo-13-dmydro-W-isomdol-2-yl)oxy]memyl}-lK-mri^^ 

—.carbamate (4.86 g, 9.67 mmol) in chloroform (50 mL). The reaction tmxtitre was 
allowed to stir for 4 hours, then cuncen.rn.ed ammonium hydroxide (27 mL) and^- 
«„,ne»estufony. chloride (2.03 g, 10.6 mmol) were added. The reaction mixture wus 
aUowed to stir overnight at room tempemmre, men waa filtered. The filtrate waa minted 
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„■ w u^.tP r50 mL) and extracted with chloroform (2 x 40 
with saturated aqueous sodnun brcarbonate (50 xnL) an 

^ The organic layers were combined, dried over magnesmm sulfate filtered, and 

7, laffordabrownsoUdthatwaspurifiedhychromatographyusmga 
concentrated to afford abrown ^ fa chlo roform) to 

HORIZON HPFC system (sihca gel, gradient elution 

Ird 1.00 g of ,,-butyl 

t ^naphmyridm-l-ynpropyloarban^e as a yellow solid mat contained some 



minor 



c 

impurities 



^ A nation on ft. general — * * ™ 1 ° f ™ 92 ~ ^ 

«o convert rerr-bury. ^{^^(---.i^W"^^ 
*1 51naphthyridi„-l-yl}Pr0Pyloa*ama.e (1.00 g, 2.58 mmol) nrto 1.11 . . £«* «* 

na^idin-l-yHpropy— te. Some of ureproduc, (0.709 g) was punned by 
^tgrapny on a HOK1ZON HPPC syslem (sUica gel, gradient e.Uon wdn 0-25 , 



vl]propylcart>amate as off-white needles, mp 148-150 °C. 
MS(APO)/»/z428(M + H)*; 

Anal, ealcd for <WMW* C 59.00 ; H, 6.84; N, 22.93. Found: C. 58.69, H, 6.86, N, 



22.80. 
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10 



Example 95 



Acetone 0-{[4 

yl]methyl}oxime 



NH 2 




cMor o.3- mto [l,5]naphmyndme (15.0 g, 71.6 > ^ 

^rToXr^lw.l^ea^^^wllHwal.aOO 
was surred for 30 mmu.es, men rf ^ 

Hi), and dried ma vacuum oven at 50 C overnight 
^—VS-mnull^hthyndm^ammeasaveUowsohd. 



Part B t. a ' Part Tt of Example 92 was used to convert N-(2- 

ThegeneralmemoddescrrbeumPartBoExamp 

„ ^inflnhthvridin-4-amine (17.25 g, /u.u mmm, 

m emy.propyl)-3-^H.51naphnry^ ^ ^ ^ ^ oU 

memylpropyl)[l,5]naphmyndme-3 ; 4-diamme, wn 
and used directly in the next step without purification. 



20 



P3rtC wir,P a rtCofExample92wasusedtoconvertN 4 -(2- 
Tbe general mefitod descnbeu m Part C E P 
^ylpropylV^naphthyridmeO^armne flh-F-^ • ^ 



me 



n -nolFl Slnapnthyridin-S-yllacetamide hydrochloride, which was isolated 
m ethylpropyl)anuno][l,5]naphthyn y 

as a pale yellow soUd that was used directly in tte n 



25 
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10 



?altD • f 9 rhloro N-{4-[(2-methylpro P yl)a m mo][l,5]naphthyridin-3- 

To a solution of 2-chloro-JV {* iV- J eth anol/water 
v^de hydride (front Pa, C «^ > ^ ^ ^ 

( 2 8 0 * was added . M aqueous < ^ mder 

waS stirred a. room tetnperahue over the wee* ^ (200 tnL) and 

— — - - ^::rr:i i — — » - 

brine (100 mL). The aqueous layer was extra ^^ted 

the next step. 



15 



20 



t 

^ E mCPBA ,0* « • 40.0 nunol) was - & 20.0 

t*,^ The aqueous layers were eomomcu 
sodium bicarbonate (2 x 75 ^£ _ combined , dried over 

^ dichloronrethane (2 x 30 mL). The o g ^ ^ ^ ^ ^ 

^gneshun sulfide, ffltced, and coneen.ra.ed to afford y 
mediately without purifioation in fte next step. 



PartF - • ,^1/70 mD and the solution was 

x • i fr nm Part E was dissolved in methanol (yumw<u 
The material from Part a was followed by 

, Jt nof concentrated ammonium hydroxide (6.7 mL) was adde 
25 cooled to 0 C. Concentrate ,c mL 42 0 mmol). The reaction 

rr -*r \ The organic layers were combined, anea o * TirvRIZON 
30 mL). The org chromatography using a HORIZON 

concentrated. The crude product was punnea y 
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n % CMA in chloroform) to afford 4.14 
HPPC system (silica gel, gradient efchon w^hO-25 ^^ UHb- «^ 
g of approximately 85% pure ^—e thyl>H2 ^hy PV> ^ 
c][l,5]naphthyridin-4-anune, which was used m the next step with 



10 



15 



20 



25 



Part G ^ . — . tr nf pvfimnle 92 was used to convert the 

The general method described in Part H of Example 

, v. in x\ into 2 81 s of 2-[(4-amino-l-(2- 

material from Part F (85% pure, 4.14 g, 143 mmol) into 2.81 g IK 

material ir . .„ 51naohthy ridin-2-yl)methoxy]-lH-isomdole-l,3(2fl)- 

m emylpropyl)-lH-imidazo[4,5-c][l,5]naptitnynam 



30 



dione. 



a 



M H hydrous byline (0.640 mL, 20.2 mmo!) - — " susp^onof 2-[(4- 

Trmed ta * a solid began «o precise. The reaction ™ ~- 
^ - - — - was — - * 
tesi due was triturated with . M aoueous hydroch,onc add (50 mL). lb «*. 
Lcated and the solid was isolated by filtrafion. The filtrate was adjusted to pH 8 wA 
somcated and m ^^ethane (3 x 25 mL). The orgamc 

sohd sodium curbonate and extracted wrtb ^^ed to afford 

laveis were combined, dried over magnesium sulfate, filtered, ana 

T olid The sohd was triturated win, methanol » afford 0.863 g of 2- 
yellow solid. The solid was m o„ m Mhvridin^-amilie as a 

Ka mmooxy ) memyl>K2-memy>pmpyl^^ 
white sohd. 

PaIt 1 The general memod desoribed in Pari J of Example 92 was useri to convert 2- 

[( ^ooxyU«-H2-»— ^^^^t 
0 555 . 1 94 mmol) into acetone O-tf^amino-l^-memylptopylVlH-nmdaa.^ 

cin s^hmyridm^-yllmemynoxime. The crude product was purified by 
c][l,5]naphthyn y (sUica gel , gradient elubon with 0-30% 

chromatography usmg a HORIZON tlrrt^ y 

CMA ta chloroform) followed by crystafflzauon from methanol ,0 afford 0.262 g 
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y l]methyl>oxime as yellow crystals that were dned m a vacuum 

mp 173-175 °C. 

MS (ESI) m/z 327 (M + H) + , 

, T «Arw^H 6 79- N 25.75. Found: C, 62.49, H, /.U5, in, 
Anal, calcd for CnHiiNfiO'- C, 62.56, H, 0. V, «, * 

26.01. 

Example 96 

^e 0 - ( r4-anuno-7-br^ 

2-yl]methyl}oxime 



15 



20 



25 



NH 2 




Part A 



rt,* (16J mL, lO -cl) was added drepwise to a 0 «C solution of 7- 
^L-^^di-e (approximate, y 74., mmo.) * 

to stir and warm to room temperature for 3 
nsnmL, The reaction mixture was allowed to snr ana »« 

(350 ml), ruei /<nm ii m d washed with saturated aqueous 

hours, then was diluted with diohloromethaue (50 mL) and washed 
^bicarbonate (300 mL). The aqueous layer was bacs-exMcted wdh 
^methane (2 x 75 mL). The organic layers were combined, dried over marram 
^ filtered, and concentrated ,o afford 23.05 . of 7-bromo- W -(2-memy.propy.,-3- 
mtro[l,5]naphthyridin^-amine as a yellow sohd. 



The genera, method described in Part B of Examp,e 92 was used ,o convert 7- 
bremo-^2 Uy^y.W^^amm.^.O.i g^0.9 mmo,) mto 7- 
b ro mo-^2-memy,pmpyl)[,,5]naphmyridme-3,4-mamine. Thenuxtirrew. 
^ia, 4 0 P si(2. 8 x. 1 0 5 pa) 1 br2,hom,menwo rk edupa S descnbedmPa rt B 

of Example 92. 
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PartC 



* > 0wtrnf Example 92 was used to convert the 
The general method described in Part C ot tixampi 

2-chloroacetamide hyfcochloride, which was all used in ft. next step. 



The tnafcriaimam Part C (apptoxhntfeiy 70.9 rnmoD was suspend^:! 

(280 mL) and 6 M aqueous potassium equate (17.7 * ><* rnmo.)was 
H After 0 minutes, ft. mixture had soHdined, addiuonai ethane, was added, .d 
presumed. The reaction mixture was stirred overnight a, room temperature. 
^Ll 6 M aqueous potassium earhenate (,8 mL) was added and surring was 

, f 4 The reaction mixture was concentrated under reduced 

continued for another 2 days, rner 

pressure the residue was partitioned hetween dichloromethane (200 mL) and w**( 

l^r; the mixture was adjusted to pH 8 with 2 M aqueous hydroehtonc aerd. The 
mL), and the mixmrc The organic layers were 

aaueous layer was extracted with dichloromethane (2 x 35 mL). Theo g * 

q • ifo t< . filtered and concentrated to yield 22.8 g ot /- 

combined, dried over magnesiran sutfate, 5 ^,, 5]n aphmyridine as a tan 

bromo-2-(chloromethyl)-l-(2-niethylpropyl)-lff-umdazoL4,5 



solid. 



PartE 



5 



mCPBA (70% pure, U.2 g, 45.2 mmot, was added to a sohrU n o , M-» 2 

(ohiorom^-^^^^^ ^ 4 ' Mt1 ^ 

L in chloroform (100 mL). The reaction mixture was aUowed to shr for horn* 

mmot) in cm « n ml t m d washed with saturated aqueous sodium 

bicarbonate (250 mL). The aqueous layers were combin ium 

•o ™,^n The organic layers were combmed, dried over magnesiuu 
dichloromethane (2 x 30 mL). The organi y Mediately without 

sulfate, filtered, and concentrated to afford an oily solid that was used imm 



purification in the next step. 
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10 



15 



cooled to 0 »C. Concen.ra.ed — hydroxide <« -0 - ^ 
nowise addition of benzenesulfonyl chloride (6.10 mL, 47.5 mmol). The reaction 
S warred - 0 -C for 1 ho.. The volati.es we removed under 
^csoUdwas^^dichlo— e. A tan solid (4.92 g) was .solated by 

mlln Toe filunte was concentrated and the resulting sold was tn.nra.en wrtir 
filtration, men filtrat ion The two batches of tan solid 

acetonitrile. A tan solid (3.62 g) was isolated by filtration, ine 

combined and used without further purification in the next step. 



30 



were 



PartG 



The material from Par. F was dissolved in DMF and ^-hydrexyphurafimide (2.12 
The maren ^ ^ was 

s 13.0 mmol) and ttiethylarmne (2.1 mL, 15.3 mmol. we 

• k. «, m the solvent was removed under rednced 
stirred at room temperature overnight, then the solvent was 

sure The residne was hi.uxa.ed with methanol and a ten solid was tsolated by 

g of 3^^14^1*-«^™^#* 



c 

further 



20 PartH Anhydrous hydrazine (0.80 mL, 25.6mmol) was added. o a suspension of 2- «4- 

25 The residue was triturated wim 1 M aaueona hydrochlonc acrd (50 mL). A tan sohd 
isolated by filtration and was carried on to the next step. 



Acetone (10 mL) was added to a atspension of fire material from Part H in 

mefiranol (80 mL). The reaction mixture was allowed to stir overnight a, room 
methanol teu ; pressure and the resrdue was 

temperature. The volatile* were removed under reduced pr 
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a nonisolated by filtration and was purified by 
^atedwithdicbloroxnethane. Asohd^s «d V ^ t elution 0-30% CMA in 
chromatography on a HORIZON HPFC system (silica gel, gr 
,1 nforni, to afford a thick oil that was crystallized from acetonitnle. The crystals 
chloroform) to attoro chloro form and saturated aqueous 

• i ^ filtration then were partitioned between cmoroiu 

1S olated by filtration, P ^ sulfate, filtered, and 

sodium bicarbonate. The organic layer was, filtration 
w t . ^ crystal iine sohd was triturated with acetontnle, isolated by filtration 
concentrated. .The crystalline amino^-bromo-l-^- 

„+ 1 on °C to afford 1 .27 g of acetone O- U^-amino i uiu v 
and dried unto vacuum at 120 C to afford 1 g off . white 

needles, mp 176.5-177.5 °C. 

MS (ESI) m/z 406 (M + H) + ; «noQ.u S24-N 

_ t. T i-v /-i crv as- w 5 22- N, 20.74. Found: C, 50.29, H, 5.24, jn, 
Anal,calcd for C 17 H 21 BrN 6 0: C, 50.38, H, 5.22, «, 



20 



25 



20.95. 



Example 97 

... • i n methvtoropyi)-7- P h^^^ 

15 Acetone 0-{[4-ammo-l-(2-metnyipropyy f 

2-yl]methyl>oxime 



NH 2 




X fla * containing mixture of acetone 0.«4^-7««^ 

Example 96,1.16* 2.86 mmol), phenylboronic acid (0.42 g, 3.43 M 
Llylphosprane (7 mg, 0.026 nunc,), 2 M aqueous sodium carbonate (4.3 ml, 8.58 
tnpnenylpuo p ev aouated under reduced pressure and back- 

nnnol), and 5:1 propanol/water (18 mL) was eva 

temperature ana w<u> u The organic layers were 

aq ueouslayerwasexfractedwimdichloromethane(2xl5mL).The g 
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if f„ filtered and concentrated to afford a tan solid, 
combined, drieti over ^ ^ system (silica ^ 

The solid was purified by chromatography using a HORIZON mu y* 

- 0-30 % CM. in eh— ,0 afford . « : - J - - — * 
L — . the crysh^ were isoiared by fi.tra.ion and dned * *C« vacuum 
oven * yieid 0.50! gof acetone O-^araino^^raenryipropyi^heny H 
Mto[ 4,5-cKl,5]naphm,^^ 

MS(ESDm/^403(M + H) + ; , r *R Sfi- H 6 62- N 

^ *o rr £ <?1 • "W 20 88 Found: C, 68.:>o, n, o.oz., ^, 
Anal, calcd for C 23 H 26 N 6 0: C, 68.63; H, 6.51, N. 20.88. 



20 



21.04. 



Example 98 

Cyclopenranou^anrin^ 

c][l,5]naphthyridin-2-yl]methyl}oxime 




15 Part A 



25 



n imiipO 472 mol) was added slowly to a solution 
l.Amino-2-inethyl-propan-2-ol (42.1 g, 0.472 moij 

• a- - roo n o 0 472 moD and triethylamme (132 mL, 
of ^Moro-S-ninolLSlnaphflryndnre (99.0 g, 0.472 mo ) 

0 945 mol) in chloroform (1.98 L) at room temperature. The reacfon m, 
^ 45 minute, The reaction mixture, wttch contained a precipitate, was ^ mhalf. 
bL^ was washed wim saturated ^nenns sodinm bica*ona,e (750 mL). Tti 

— -^^z^dtr,— ;^ 

triturated with hot 2-propanol and then filtered 10 yieiu* j 

^bLwimmeaofidmatwasiso^above.andanm.m^w.^edon 
without further manipulation to the next step. 
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PartB 



10 



15 



20 



T* materia. from Part A was diasoWen in 2-propano, (490 mL) and — e 

. « u To .he sohmon waa added 5% plaonum on carbon (6.5 g). The nurture was 
1.63 L). To me sou. CEUJE fflter agen( 

hydrogenated overnight on a Parr apparams, men waa fitter * 
The filtrate waa concentrated under reduced pressure and me resrdue waa 



the next step. 



30 



, M h p m 2 mL 0 404 mol) was added dropwise to a solution of 
Chloroacetyl chlonde (32.2 mL, ™ t ™«*«««Hrat 

r m ot\ The reaction mixture was allowed to star at 

the material from Part B in chloroform (2.8 L). The M 

*. . Over the next 3 hours additional chloroacetyl chlonde (9.9 mL, 0.125 
room temperature. Over the next 3 isolated by filtration and 

mol) was added and a precipitate formed. The pr p tatp<1hvfilt ration and 

, r Tt^lid was triturated with acetone, isolated by filtration, ana 
washed with chloroform. The solid was tnxurax 

^ -r~ O or-Vi nnrtion was added ethanoi \s. i i->) 
A - eA The sohd was divided into 2 portions. To each portion was 
dned. The solid ^ e res ^ g solutio ns were stirred at room temperature for 

* . j x „j*xwiqi 1 eof l-r2-(chlorometayl)-l#-umaazoi'f,:> 
under vacuum, and comhmed to afford 91.1 got i |z I 

c ][l,5]naphmyridin-l-yl]-2-methylpropan-2-ol. 



PartD 



Trietaylaniine (4.00 mL, 28.9 mmol) and ^-hydroxyphthalimide (2.36 g, 14.4 

^ol) were added to a solution of l^d^l««^ 
ciri 5 naphmyridin-l-yl]-2-meth y lpropan-2-ol (4.00 g, 13.8 mmol) m DMF (80 mL). Th 
c][l,5]naphthyn yj teffiperature for 20 minutes, dunng which 

25 reaction mixture was allowed to stir P 

toe a precipitate formed. The precipitate was isolated by filtration and 

further purification in the next step. 



PartE 



, • ft ha mi 55 0 mmol) was added to a stared suspension of 
Anhydrous hydrazine (1.74 mL, 55.0 mmoi; , Kminntes 

, , * m c m TW room temperature. After 1 5 minutes, 
thematerialfromPartDinchloroform(115mL)atroomt p 
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«» The filtrate was concentrated under reduced pressure 
the reaction mixture was filtered. The filtrate was 

and used without purification in the next step. 



10 



15 



20 



25 



Palt F mfi9fflT 7, ^1) was added to a stirred solution of the 

Cvclopentanone (0.62 mL, 7 . l mmoij w * 

\. i iac\ T After 20 minutes, the volatiles were removed 
material from Part Bin methanol (40 mL). After 2Ummu 

and the residue (1.8 g) was used in the next step. 



under reduced pressure 



30 



^ ° „. residue from Part F was disced in chloroform (36 mL). mCPBA (a total of 
9 6 g 28.0 mmo.) was added in portions ,0 the steed sohrtion over *e next «wo ho™ 
belted ammonium hydroxide (18 mL) was adden, Mowed by chloroform (30 mL), 
Concentraiea <uuui ^ reaction 

p.m.uenesmfonyl chloride (. .94 g, 10.2 mmol), and cmoroform (100 mL *Th 
Lture was allowed to stir overnight men was filtered. To fire surred fihrate waa adde 
mixture was auow t,^ m *ide flO mL), and »-tolueneaulfonyl 

chloroform (400 mL), oonoentrated ammonmm hydroxrde (10 mL) P 

^neousph.ewasremoved. "£££1,^ 
organic phase for 30 minntea. Addiuonalp-.oluenesu.fonyl chlonde 194 g) 
^us ammonia was bubbled through fire organic phase for an addmonal 2 to» 
2et-.oluenesn.fony. chloride (1.94 g) and concentrate* ammonium hydroxide (40 mL) 
Mo rep uen . .,w=d to snr over the weekend. The mixture was . 

were adden, ard the mixture was afiowed ,*n ■« ^ ^ 

ttansferred to a separatory finmel. The organrc phase was rsolat 

„. The residue was purified by flash chromatography (sdrca gel, eluuon 
reduced pressure. The resioue was. i> HORIZON 
with 2 50/c methanol in chloroform) followed by chromatography usmg a HOREON 
with 2.5 me ^ ^ ^ 

HPFC system (silica gel, 0-20 /o wvia m w 

Ly. L, isoiated by filtrahon, and dried in a vacuum oven «, ,e d 10 mg of 
tintanone 

cH^naphmyridm-Z-y.^ G 
•H NMR (300 MHz, DMSO-d.) 8 S.48 (d, J- 4.4 Hz, 1H), 7.91 Q.J- 81 Hz H)^44 
™8, Hz, 1H), ,90 fc 2H), ,46 (br a, 2H), 5.0. (a, 1H), 3.3. (s, 2H), 2.32 ft , - 
6.2 Hz, 2H), 2.23 ft 7- 6.2 Hz, 2H), 1.64 (n, 4H), l.U (br s, 6H); 
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10 



15 



20 



MS(APCI)m/z369(M + H) , 

^ u xt n • r fil 94- H 6 57- N, 22.81. Found: C, 61.65; H, 6.40, N, 
Anal, calcd for C19H24N6O2. C, 61.94, ti, 0.0 1, , 



22.75. 



25 



Example 99 
2-yl]methyl}oxime 




mCPBA (23, g, 68.8 mrno!) was added «o a suspension of Are — *« 
Pan D of Example 98 (14.36 g, approximately 34.4 nnnol) in chloroform (360 mL> The 
sohmon was stirreu for 1 honr, then was transfer^ to a separator* mnne, and washed 

2 satumted aoueous sodium bicarbonate (150 mL). The organic phase » «W- - 

t . -j ,oo wr l followed bv P-toluenesulfonyl chloride (6.88 
concentrated ammonium hydrox.de (80 ml.) followed byp 

g , „ 5 talents) was adde4. After 30 minutes, admtional^luenesulfonyl chlonde 

03 8 g) was added and die mixhtse was allowed to stir overnight. The reacuon nuxhue 
routed with chlorofotm (125 mL) and fransfceu to a separatory fhnne,. The org^c 
i; was washed with saturated a q ueous sodium hicathonate (250 mL), dried over sodtum 
late.mtered.andconcentratedmrderreducedpressure. *„^J-P-«J 
flash chmmatography (silica gel, eluted with 4.25% methanol in ch— ) • - W 
go nH4-smino-2-[(an^xy^^^ 

methylpropan-2-ol as a yellow solid. 

PartB , , . . 0 

Methanol (21 mL) and ac«one (2.6 mL) were added to l-{4-ammo-2- 

ttm ^*y)me*ylHH-^^^ 

' 4 3 Jo. The reaction was sdrmd for 15 minutes then concentrate* under .educed 
I.™ Tno crude nroduc was purifieu by flash chromatography (sihoa ge., eluted wdh 



pressure. The crude product was 
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0, % memano. in chloroform, flowed h y from — ^ *° 

^.dO^gof acetone 0-«4-a^c-l-(2-h, to x y -Z-me t h y ,p I op yl >l«o [ 4,5-c] 

J.S-naphm.ridin^me.h^oxime a, awM.esoBd.mp 198-200 »C 

-H MMR (300 MHz, DMSO-d.) 5 8.49 (d, 4.4 Hz, 1H), 7.91 (d, /- J ™ 

8.7Hz,6H),1.12(brs,6H); 

MS (APCD m/z 343 (M + H) + ; 

^ tt -m r» • r fi^- H 6 48" N, 24.54. Found: C, 59.42, H, o.oy, rs, 
Anal, calcd for CnHziNeOa- C, 59.63, ti, o*&, «, 



10 



20 



25 



24.62. 



Example 100 

Acetone «^7W*-^« 4 ^ W ' 

yl]methyl}oxime 



NH 2 




15 Part A , ^ . . n ^ a i 0 a mo n and Meldrum's acid (142 g, 

AnTixtureoftriethylorthoformate(154g,l.U4moi;an 

bro moaniUne (162.6 g, 0.945 mo.) in ethano. (300 mL) was 

ca « or 1 After half of the 



bromoaniline ^ioz.o g, ^-v — rt , ir 

^^ofthe^onwasmam^lxaweenSO-^-C. Aftertaffof the 3- 

m ore ethano. (. L) was added to facintate steing. Upon comp.ete add.Uon, the r^ho 
was cooled ,0 mom temperahne, and me sends were collected h y — T^c* 
wa s washed with ice co,d ethanol tmti. me washings were color es. and the^net 
I dried at 65 °C nnde, vacnnm to afford 287 g of 5 - K 3-hromophen y hmmo)mem y .]-2,2- 
di,„em y l-l,3-dioxane-4,6-dione as an off-white solid. 

.HNMRPOOMHZ, CDCI3) 8 11.19 0-./= 12-8 Hz, 1H), 8.60 (d,/= K.OJfe 1H), 
™ (m, 2H), 7.30 ft ,= 8.0 Hz, ,H), 7,8 (ddd, ,-8.0, 2.2, 0.9 Hz, 1H). 1.75 (s, 



6H). 
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PartB 



0 



7-Bmmo q umolin-4-ol was prepared In accordance with ft. literatirre procedure (D. 
DM^XW <»-,«. 49UM926 (1998)) or by *ennolysis<^(3- 

Lbuyenuu , iox!meJ l 6-dione in DOWTHERM A heat 

broniopaenyUinino)methyl]-2,2-dimethyl-l,3-dioxane 4,0 mo 

transfer flnid and had the following spectral properties: 

•HNMR (300 MHz, ds-DMSO) 5 11.70 (brs, 1H), 8.00 (d, / - 8.7 Hz, 1H), 7.92 (d - 
7, Hz, 1H), 7.74 (d, 1.9 Hz, 1H), 7.44 (dd, ,- 8.7, 1.9 Hz, 1H), 6.05 (d, J- 7, Hz, 



1H). 



PartC 



A stirred snspenaion of 7-b ro mo q uinolin-4-ol (162 g, 0.723 nro!) in propionic acid 

v >.».„nn°r Nitric acid (85 gof70%) was added dropwise over 1 
(1500 mL) was brought to 110 C. Nrtncacmi g ^ 

hoursuchn^tteten^erannewaanrainWnedbetweenllO-llS C. ^»* rf * 
mt nc acid had been added, stirring became difficuU dne to the formation of sohds and an 
Phonal 200 mL of propionic acid was added. Upon conrp.ete addition, tire reaction was 
stirradforl hourat.lO^.cnoledtoroomtemperabrre.arrdihesoUdwasconectedby 
Bhratiom The filter cake was washed with ice cold ethano! until the washings we* = nearly 
colorless (800 mL), and tire product was dried at 60 -C under vacuum to afford 1 52 g of 7- 
bromo-3-mtro-quinolin-4-ol as a pale yellow soUd. 

■H NMR (300 MHz, drDMSO) 5 13.0 (brs, 1H), 9.22 (s, 1H), 8.15 (d, J= 8.4 Hz, 1H), 
7.90 (d, 7= 1.6 Hz, 1H), 7.66 (dd, J- 8.7, 1.9 Hz, 1H). 

Part ° 7.Bmmo-3-m«m,umolin-4-ol (42 g, 156 mmol) was suspended in POCb (130 mL) 
and brought ,o 102 -C under an atinosphere of N, After 45 min, aU of me solids had 
^solved so tire reaction was cooled «o room temperature. The resulting sohds were 

partitioned with CH 2 CU (3 L) and 2M 
cohected by filtration, washed with H 2 O,an0 men paru 

Na 2 CO, (500 mL). The organic ,ayer was separared, washed wtthftO (Ix), dned over 
Nalsol filtered, and concent under reduced pressure to afford 33.7 g of 7-bromo-4- 

chloro-3-nitroquinoline as a beige solid. 

/monso «- im 8 41 f<LJ=1.8Hz, 1H), 8.30 (d, J =9.0 Hz, 
l H NMR (300 MHz, CDCI3) 5 9.26 (s, 1H), 8.41 (a, J 

1H), 7.90 (dd, ./= 8.9, 2.1 Hz, 1H). 
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PartE 



10 



15 



• f 7 hromo 4-chloro-3-nitroqumoline (25.0 g, 87.0 mmol) in 
To a suspension of 7-bromo-^ cnioru j n 

, • /m-T 1 30 mmoD. A solution of iso- 
DMF (70 mL) was added triethylamine (18.2 mL, 130 mmol) 

IJ- - - - — * dmf ( : ~zz 72 i sr- 

and the mixture was stirred for 1 hour. A soiia w 

Tie, anddried in a vacuum oven o~W to yield 26, g of 7-^o-W 
methylpropyl)-3<utro,uino lin+amine as a yellow powder. 

_ 1 P^ ou ea*ou - 0 - - > 
pressure to yield 23.1 g of a brown oil. 



Part G . • i Part F (23 1 g) and triethylamine (16.4 

To a. stirred solution of the material from Part f(^.i g; 

To a stirred cbloroacetyl chloride 

t 1 1 R mmoll in dichloromethane (300 mL) was aaaea ui P 
20 mL,118mmol)mai mixture was allowed to stir at room temperature for 7 

,, 0ffl , Rfi3rnmol). The reaction mixture was aiiowcu 

(6.9 mL, 80.3 mmoi;. .-mitine brown foam was 

days then was concentrated under reduced pressure. The resulting bro 

chromatography on a HORIZON rirr y 7 . b romo-2- 

n Th P mirified material was combmed to yield 18.^ g oi 
cirptate in hexanes). The purmea iuai»« 

acetate in nex , imidaz0 \4 5-clquinoline as a yellow sohd. 

(chloromethyl)-l-(2-methylpropyl)-lH-imidazoL4, 5C jq 



30 
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PartH 



To . solution of 7-bro m o-2<c U o I o»*.>H2-n 1 «yO^-^> 

^ -fx™ H00 rnU at room temperature was added 

c]q uinoline (13.9 g, 39.4 mmol) » chloroform (300 mX) 

mCPBA (77% P^e, 17.7 g , 7S.S mmol) over ten — J 

stirr ed at room temperature for 3 hours, then con en*a * — ^ * 

was added, followed by ,-toluenesulfonyl chlonde (9.00 g, 47.3 mmol, P 

rlOminutes) The mixture was stirred at room temperature for 1 hour, then was 
over 10 rmnutes). ^ laver s were separated and the aqueous layer was 

transferred to a separatory funnel. The layers were sep rnnlhiTied dried . 

A - v momn The organic layers were combmed, dnea 
P vtractedwithdichloromethane(2xlOUmL.;. ineu 1& 

extracted wx filter agent> md concentrated under 

over magnesium sulfate, faltered tnrou&u ^ oW m?T70N 
LutZssnre. ^o^pro^-P^ed^c^^^O^K 

Lml^om^emylH^^^^ 



yellow foam. 



^ A solution of T^^-ta-^l^^^ 1 "^^ 
v * • « ,7 65 s 20 8 mmol) in DMF (20 mL> was added dropw.se vra addmon 
Clq «ta4-K (7.65 g, 20.8 • ^ ^i^e (4.3 

tone! to a solution oWhydmxyphthahm.de (4.07 g, 25.0 » > 
„L 3 . 2m mol)inDMF(20mL). The addition funnel was rinsed with DMF (20 

apreeipitate formed. The viscous mixture was stirmd a, room temperatum 
o ZZZ diely. ether (1 50 mL) was added The soiid was isoiated , 
Tied ^, died,,, ether, and dried under vaeuum - pro.de ,« - - JJ^T 
bmmo-H2-memylpmpy>H*-"^ 

, 3(2H)-dione, whieh eontained some trieuaylamine hydroehlor.de. The filtrate was 
jr-l^e^.gofahrownoU.whiehwaafound.oeontamproduetandwas 

combined with the materia! from above and used in the next step. 
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Part J 



^ h^drasine (20 mL) was added «o a stood suspension of u*^ 

front Par. I appro— 20, nunol) in eu.no. (, 50 tnL) a. roonr ™» 
from WUPP es> a precl p lta te had 

^ hecanre homogenous ^ 2 — ^ ^ ^ 

r -,1 t>ip mixture was stirred for another 1 nuuio, 

r TrLe was concent under reduced pressure ,o afford crude 2- 
fllter agent. The filtrate w imidazo r 4 5^1quirlolin-4-amine as 

ttanto ooxy)meftyl]-7^mo-lK2-methylpropylH»-™^ 4 - 5 « 

br0 wn solid, which was used in to next step without purificatton. 



a 



PartK 



0 



- < . A -„ ^pthanol fl 50 mL) and acetone (50 mL). 
The material from Part J was dissolved m methanol (1M> ; 

<xr VmuTs then was concentrated under 
The solution was stirred at room temperature for 3 hours, tnen 

The solution Dichloro methane (100 mL) was added and the 

r educedpressuret ^eldah^ ^ filtrate was concentrated under 

^dazo^^^^ - * P* 

Example 101 

, , i\ * 7 r Q tetrahvdro-lH-infrdazo[4,5-c]quinolin- 
AcetoneO-{[4-animo-l<2-memylpropyl)-6,7 > 8 } 94etrahydro 

2-yl]methyl}oxime 




PartA A mixtureof[4-ammo^ 

A mixture L le platinum(r y) oxide 

25 yllmethanol (15.2 g, 56.2 mmol, U.S. Pat. JSlo. j,j 

^ mL^ was hydrogenated at 50 psi (3 .5 x 1 0 Pa) ot 
in (■ 0 \ m A trifluoroacehc acid (75 mbj was uyui« B 

(7.6 g), and tnflu was mluted with dichloromethane 

hvdrogen on a Parr apparatus for zaays. iuc 

. v.^tttp filter aeent, which was rinsed afterwards with 
and filtered through CELTTE filter agent, wm 
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, hi etirane and methanol. The filtrate was concentrated under rednced presanre and 
drcUoromethaneandmeU. , ^ w ^ted aqueous 

- — - ^""^ed that was « - » filtration, 
sodium bicarbonate/water (250 mL). Some 

^ aqueous Uyer was extracted with - J^^SL OIgani0 ^ 
dissolvedmme^olandme^.ms^-- ^HOWZON 

— ^ mto ^^Tl P ^ mmeJldicmommetone). 
HPFCayatemCamcag.Uelutonw.^O/olM^^ 

aftord4.98gof[4-ammo-lK2-mefhylpropyl)-«,7.8.9« tall >' 

c i,umolin-2-yl]rnethanol as a grey solid. 



10 



PartB 



Monyl ch.or.de (2,5 mL, 36, mmol) was added dropwise to a ^suspension 

of ,4 amhJ(2-memy,pmpy.>«^^ . 
of[ 4ammo ( ^^^e (20 0 mL). The suspensron 

yl]methanol (4.97 g, 18.1 mmol) » ■ tte mixture was stirred at 

^ine hydrochloride, all of which was used in the next step. 

20 PartC . .. ,• j „u. 217mmol)andtriethylamine(7.6 

A solution of W-hydroxyphthabm.de (3.54 g, 21 .7 mm ) 

n in r»MF (25 mL) was added to a suspensron of the material Born r 
mL, 54.3 mmol) in DMF (25 mL) ^ ^ 

nMF «5 mL) at room temperature. The reacnon m» 



overnight, then was 
25 the next step 



D Hydrate hydrate (S.8 mL, « mmo.) was added to a solution of the 
- te mP^C meti.no, (.80 mL). The reaction mixture was stirrad overnrgh. and a 
fom PartC in " ^ flltra te was concentrated under reduced 

30 formed that was removed by filtration. „ a „ opjz on HPFC system (silica 

pressure, men was purifiedby chromatography using a HORIZON HP 
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ge,, gradient d*» 5-10/. M NH, ^^.,^^[4,5- 
c]cpimolta-4-amine as a pale yellow foam. 

^ " A solufion of 

A solution I ^ ^ 

Waazo^umota^e <7<H>mg£42 mm ^ ^ reduce* 

(I 2 mL) was sdrreu a, room ^ md ^ 

.„.,;.« an oil The oil was diluted with acetontinu: « 
pressure to yield an on. „^,,w fiom acetonitrile. The crystals 

, . to yield a solid that was recrystalltzeo irom m. 

reduced pressure to yieiu vacuum oven to yield 

• filtration washed with acetonitnle, and dnea in a vacu 

were isolated by filtration, was .pMhvdro-lJir-imidazol^S- 
379 mg of acetone 0 -{t4-ammo-H2-methy^»pyl)^3,9-teh^drol 

^nnolto-2-yW^ ' 
l H NMR (300 MHz, DMSO-ds) 6 5,7 <br s, 2H>, M7 fc «ft « 
2 91 (m, 2H), 2.67 (m, 2H), 2.03 (m, 1H), 1.80 (s, 3H), 1.79 (s, 3H), 1. 

6.6 Hz, 6H); MS (APCf, m/ 2 330.2 (M + Bf: 
Anal, calcd for C lW : C, 65.62; H, 8.26; N, 2! .26. Found-. C, 65.53, H, 8. 
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25 



21.45. 



Examples 102-115 



30 



wb e — g a solution *«— *- tSSSSSi f Of, 
1 K.imidazo [ 4 > 5-c]c 1 u i no.in^amine (prepared as descnbed D P 

«,»„ n l(lmL1 The test tube was capped and placed on a si 
29 mg, 0.1 mmol)m methanol (lmL).T ^ ^ was removed by 

anient temperature overni^t (approxunately .8 ta-* Th 

^triftaation The compounds were purified by preparative nrgn p 
vacuum contrtmgahon. Th P FracttonLyox automated purificaUon 

Uqnid chromatography (prep HPLQ nsmg ^ ^.ms, and the 

— ---^—^rrCvidemehif.uoroacetatesaltofme 
ri ate — ^^S - U,l cbromatograpby was perfotmed 
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id/acetonitrile. Fractions were collected by mass- 



selective tnggenng. The table for ^ 

the structure of the resulting compound, and the observed 

trifluoroacetate salt. 



Examples 102-115 
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10 



Examples 116-164 

An aUehvde or tetone from the table below (1.2 equivalents -« * » « 
tobe contataing a solution of 1- {4 amino « 

vacuu m ^ J w ^ fc ketone , used for each example, 

Examples 102-115. The tabl fa ^ 

to structure of the resulting compound, and the observed 

trifluoroacetate salt. 
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Example 116: 

A solution of ,-butyMriunr <*» M, 45.5 -I. U5 equivalent.) -a 
„ , to a stitreu -78 -C solution of H 2-memy>propyl)-U.-m«dazo[4,5- 

addeddropwisetoasutred, ,„ „ f ,I S Patent 4,689,338, 25.64 g) in 

^uinoline (prepared as described tn Examples ^ ^ute ^ DMF (20.1 mL, 
tetrahydrofuran (450 mL). The solution was stored for 10 nunutes, tn I 
teuanyoro «. fen was allowed to warm to room 

lavm- was dried over magnesium sulfate, nuereu, 

layer was one otaojnatography (silica gel, gradrent 

to yield a brown solid that was punneanyn 

elnrion wim 0.5-1% methanol in dicmoromemane) to prov.de 10.5 g 1-P 
m*ylpropyl»ff-mudazol 4 ^^ 

Pteparation ot ♦^4^1<^™W P ^l»^^ 1 ^^ 



20 



25 



yl]butan-2-one for Example 117: 



30 



To a cooleO solution of ^2-memy,propy.,^olme-3,4-mamine (2.1 £10 
m DMF (40 tnL) was added 3-(2-methyl, ,3-moxolan-^P-c actd (2.40 » 

„ mmol), followed by 4-memylmorpholine (1.6 mL, 13 - H " 

n ^ P thv1carbodiiinidehydrochlonde(EDCI)(2.yg, i^nim , 

°^ 2 r^orn temperature and 4-dhnemy.anunopy.dme (0,2 
siting susp^or, ^ _ ^ „ _ .^peratute for ,6 

„, 1 mmol) was added. The dark yellow 

hours, men saturated aqueous sodium bicarbonate (100 mL) was added 

^ ™l to a separatory funnel and was extracted with dichloromethane (2 x 100 mL). 
transferred to a separator, ^ „i C art>ona.e 

The organic layers were combmen, washed wtth under 

, n /i nn mT ^ dried over sodium sultate, mtereu, cuiu w 
(100 mL) and brine (100 mL), dned chroma t 0 graphy (silica gel, 

reduced pressure to afford an oil that was punfied by flash chroma ogr 
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eUruon with 5% methane! in dichloromemane) to provide 2.55 g 

• i- a u i O methvl-1 3-dioxolan-2-yl)propanamide. 
m ethylpropyl)amino]quinolin-3-yl}-3-(2-methyl !,:> oi 



20 



PartB 



Water (3 -J foUowed by send sodium hydroxide (0.4 g, ,0, nmro» w- added 

, « T^^r^ultine aqueous slurry was diluted with water 

concentratedunderreducedpressure. ^~ ta *' q organic layers were 

0 (50 mL) and was extracted with dichloromethane (2 x 50 mL). Theorgani y 

«nmT^ dried over sodium sulfate, filtered, and 
combined, washed with brine (50 mL), dried over soai 

com u, . . , . , a „ 0 f crude l-(2-methylpropyl)-2-[2-(2- 

concentrated underreduced pressure to yield2.3 gof crude U y f 

ofl^methylpropyl)-^ 
, • v , (1 7 . 7 95 mmol) in chloroform (40 mL) at room temperature. The reaction 
c] qnmolme (2.7 g, 7.95 mmol) between dichloromethane (100 

stirred for 20 minutes, then was partitioned between 



arsons sodium eamonate (50 ■*-) and brine ,50 mL), dried over anhyd™ 
^TJU mtered. and coneenhared without pupation, ooneerrrra^der redded 
Isure «o yield an orange foam tha, was used in me next step without punncatton. 



M ^ D Coneentraten ammonium hydroxide (13 mL) foUowen by,-.oluenesulfonyf 

„■ ■„ n50 E 795mmol)wereadde4toarapidIy S rJrre4aol«HonofthenmtenaIfrorn 

Ata ft. mixhue was stirred a, room temperatnre for 10 minutes, the mrxture was 
30 phoned between ehioroform (fOO mL) and — a q «eous sodrum earoona. (50 
mL). Theor g anie 1 aye r waswashedw i U,bri»e(50n 1 L).drie< 1 overaod,u ffiS u 1& te. 
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, * a ^«re«ure The crude solid was crystallized from 
filtered, and concentrated under reduced pressure, ine 

, • , • , uhv filtration washed with acetomtnle, and dried at 
ethyl acetate. A tan sohd was isolated hy filtration, w 

1 a „nfW2-methylpropyl)-2-[2-(2-methyl-l,3-dioxolan- 
65 °C under vacuum to provide 1.8 g of 1-(Z merayip V y , 

2-yl)ethyl]-lH-hmdazo[4,5- C ]qumolin-4-amine. 

« . 

, • „ia m ro mL 9 3 mmol) was added to a stirred 

Concentrated hydrochloric acid (0.80 mL,*.* mm , 

1 ,n o r> o.methvl-l,3-dioxolan-2-yl)ethylJ-l«- 
snspensionofl-(2-methylpropyl)-2-[2-(2-metnyn, 

, „ • >i i ft a 3 10 mmol) in water (24 mL). A solution 
^irffl7.or4 5-clquinohn-4-amme(1.10g, i.iummuvu 

^ w«n 20% aqueous W«* A * soUd preolpi^ - ™ 

L filtration, washed with water, and reeryaUdnzed from emyl aee«ate to yreld 0.6 g of 4- 

i «t\ 1 w imidazor4 5-clquinolin-2-yl]butan-2-one as a 
[4-amino-l-(2-methylpropyl)-l^-nnidazoL4,DCjq 

1 J , 70 1 74 o C i H NMR (300 MHz, DMSO-rftf) 5 7.98 

i . « 43. (d. V- 7, Hz, 2H>, 3.0S <* «, 2.23 C *» — * «. 
Anal. Caeld for ftW-W* C 65-83; H. 7.37: N, 17*6. Found: C. 66.03. H. 7.34. 

y 

N, 17.10. 



20 



Preparation of 4- { 4^o-l^^ 
c ]quinolin-2-yl)butan-2-one for Example 118 : 



25 



Part A 



^5< m erhy.«o) P ent yl ],uinonne-3.«iam i ne (prepared as desenbed . US. 
Patent 2003/0100764 Al Example „ Parts A-D, 4.20 g, 15.3 mmol) waa oonver^o 

clq loHne using the memod desert in Part B of the preparation 19) 



30 below. 
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10 



PartB . ^ , 

mCPBA (75% purity, 3.23 g, 14.0 mmol) was added in portions to a stirred 

MMm of2-[2<2-me«hyW><noxo^ 

M dazo ( 4, 5 -c lq uinotine (1 .70 g, 4.25 mmol) in chloroform (21 mL) at room torture 
Tbe reaction mixture was stirred for 30 ntinu.es, then concentrated ammonium hy*ox de 
( 2 , mL) was added followed by portionwise addition of p-toluenesulfonyl ohlonde (0.97 g, 
5, nnno.). After tire mixture was stirred a, room temperature for 10 minutes, the muttore 
wa s paxtitionedbetween chloroform (100 mL) and >% aqueous sodtunr oarhon* (50 mL). 
Tbe organic layer was washedwim 1% aqueous sodium carbonate (50 mL) andbrme (50 
m dried over sodium sulfate, filtered, m d concentiatod under reduced pressure. The 
renting crude solid was purified by flash chromatography (sihea gel, 5% methanol m 

■ ,j i i „„f 7 n-«-methvl-l,3-dioxolan-2-yl)ethyl]-l-l5- 
dichloromethane) to yield 1 .1 g of 2-[2-(2 memyi i,i> 

(memylfMo)pentyl]-lH-inndazo[4,5^qutooUn^-amine. 



15 PartC 



The general procedure used in Part E of the preparation of 4-(4-amino-l <2- 
m«hy,propyl>m-unid^^ 
used to convert 

inudazoH-S-clqumoUn^amine into 4-(4-amino-l-[5-(memylmio)pen^-l/f- 
20 WdazoU^o^bu^ne. The crude sohd iso,atod by filtration was stirred 
in remixing ethanol for 1 hour, men me suspension was aUowed to cool to room 
^ereture and was stored for 1 hour. The solid was isolatod by filtration, washed wtth 
e^o. and drieti to afford 4- { 4-ammo-l-[5<memyluno)pen«yl]-lK-mtidazo[4,^ 
^nohn-^butan^ne in 70% yield as a white powder, mp .79-181 »C. H «MR 
25 (300 MHz, DMSO-*) 5 S.02 « Hz, 1H), 7.61 (d,,= 8.1 Hz, 1H), 7.42 ti 7- 8.1 

HZ, 1H), 7.2, (,, ,= 8, Hz, 1H), ,40 (bs, 2H), 4,2 (t, ,= 7 5 » * 
6H), 2.92 (s, 3H), 2.23 (s, 3H), 1.89-1.81 (m, 2H), 1.79-1.67 (m, 2H>, 1.60-1.53 (m, 2H), 

MS(APCr,m/z403(M + Hf; Found: C, 59.59; H, 6.54; "N, 

Anal. Cacld for CroHK^OjS: C, 59.68, H, 6.51. N, lt> « 



30 13.82. 
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Preparation of 4-[4-axnino-H2^^^^ 
c]quinolin-2-yl]butan-2-one for Example 119: 



25 



30 



^Hydr^uccuranude (0.80 g, 6.9 mmol) foUowed by ^0 
„ ,9 mmol ana ^ethyiaminoprop y^yicarbodiimi de hydrochfcnde (EDO 
0 32 g 6.9 nunc,) were added «o a 0 °C solution of 3<2-memyl-l,3-droxoUm -2- 

Zpanoio acid (1.00 g, 6.24 mmo,) in «*— - ^ * ^ ™ 
yi;piu F mx v nvprniaht The reaction mixture was 

aUowedtowanntoioomteniperatnreandwasstnTedovetmght. 

ler (2 x 10 mL), aaturafcd a,neons sodium bicarbonate (2x10 1* and brme (10 m». 
ninie iaye was dried over aodium suifafe, filtered, and concentrated -a recced 
^2 to provide 1 , , of 1- «3-(2-ne,byH,3— -2-y 1 ,p I opanoy 1] oxy,py r rond 1 ne- 

2,5-dione as a white solid. 



A suspension of 14 (3-annno q nnrolin^yl)annno 1 -2-rne t hy 1 propan-2-o (1.00 g, 

waabed win, aabnated a q neoua aodiunr bicarbonaie (2 x SO mL) and bnn^ 0^), 
Jo over aodinn. auUae, fiUered, and concentrated under redneed pressure, fbe crude 

product waa purified by flaah chromatography (aihca gel, 5% methanol tn 

proauci h m /•o. me thvl-l,3-dioxolan-2-yl)ethyl]- 

dichloromethane) to afford 0.6 g of 2-methyl-l-{2-[2-(2 methyl 1, 

lH-irmdazo[4,5-c]quinoliri-l-yl}propan-2-ol. 



PartC 



stirred 



mCPBA (75% purity, O.oz g, wunnj , 

yl )propan-2-ol (0.80 g, 2.25 mmol) in chloroform (12 mL) at room temperature. The 
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i « 

reaction mixture was stirred for 20 minutes, then was partitioned between chloroform (1 00 
xnL) and 1% aqueous sodium carbonate (50 mL). The organic layer was washed wxth 1% 



aqueous sodium carbonate (50 mL) and brine (50 mL), dried over anhydrous sodxum 
sulfate, filtered, and concentrated without purification, concentrated under reduced 
pressure to yield an orange solid that was used in the next step without purification. 



PartD 



Concentrated ammonium hydroxide (4 mL) followed by ,-toluenesulfonyl chloride 
(0 47 g 2 48 mmol) were added to a rapidly stirred solution of the material from Part C in 
dichloromethane (12 mL). The p-toluenesulfonyl chloride was added in portions. After 
the mixture was stirred at room temperature for 10 minutes, the mixture was partitioned 
between chloroform (100 mL) and 1% aqueous sodium carbonate (50 mL). A white sohd 
formed in the aqueous layer that was isolated by filtration, washed with water, and dned to 
yield 0 2 g of H 4-ami«iD-2-[^^ 

c ] q uinolin-l-yl}-2-methylpropan-2-ol. The organic layer was washed with 1% aqueous 
sodium carbonate (50 mL) and brine (50 mL), dried over sodium sulfate, filtered, and 
concentrated under reduced pressure. The resulting crude solid was stirred in water and 
sodium carbonate was added to adjust the pH to 10. The mixture was stirred overmght and 
a sohd was isolated by filtration, washed with water, and dried to provide 0. 1 g of l-{4- 
an™o-2-[2<2-memyl-l,3-moxo^^ 
methylpropan-2-ol. 



PartE 



Concentrated hydrochloric acid (0.20 mL, 2.4 mmol) was added to a stirred 
suspension of H 4-ammo-2-[M2-me^ 

c] quinolin-l-yl}-2-methylpropan-2-ol (0.30 g, 0.81 mmol) in water (5 mL). A solution 
resulted and was stirred at room temperature for 3 hours. The solution was adjusted to pH 
13 with 20% aqueous sodium hydroxide. A gummy sohd formed. Dichloromethane was 
added but the sohd did not dissolved. The mixture was poured into a separatory funnel, 
then the contents of the funnel were filtered. The white solid isolated by filtration was 
washed with water and dried to yield 0.17 g of 4-[4-amino-l-(2-hydroxy-2-methylpropyl)- 
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i*.« 5 ^^^^ 

(300 MHZ, DMSO-*) 8 8.26 (d, 8.1 Hz, 1H), 7.58 (d, ./= 8.1 Hz, IK, 7* <U-« 

, .nn imfi^fb S 2ffi 4.79 (s, 1H), 4.57 (bs, 2H), 3.21 (t, 7- 6.9 
U> 1IT> 7 19 (t, J= 8.1 Hz, 1H), 6.35 IDS, znj, / ^ v , „ 

„ , T /-w r> 6 79* N, 17.17. Found: C, 65.S5, n, o./i, 

H) + ; Anal. Cacld for CisHmNaOz: C, 66.24, H, o. «, 

N, 17.16. 



Examples 116-164 



N 



N 



Example 



116 



117 



118 



Reagent 



1 -(2-methylpropyl)- 1 H- 
iiTudazo[4,5-c]qumoline-2- 

carbaldehyde 



4-[4-Amino-l-(2- 

methylpropyl)- IH- 
imidazo[4,5-c]quinolin-2- 

yl]butan-2-one 



4-{4-Amino-l-[5- 

(methylsulfonyl)pentyl]-l#- 
imidazo[4,5-c]quinolin-2- 

yl}butan-2-one 



CH 3 

CH 
OH • 



R 



H 3 C V 



N 



/ 



N 



/ 



N 
N 



N 



N 



NH. 



Measured 
Mass 
(M+H) 



537.2717 



594.3264 



686.3196 
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122 



125 



1 

110 


4-[4-Amino-l-(2-hydroxy-2- 

methylpropyl)-l#- 
imidazo[4,5-c]quinoiin-z 

yl]butan-2-one 


120 


2-Hydroxyacetaldehyde 


121 


Butyraldehyde 

1 * 1 



126 



127 



128 



130 



Isovaleraldehyde 



Furfural 



Tetrahydrofuran-3- 
carboxaldehyde 



Benzaldehyde 



Nicotinaldehyde 



HO 



H * C N. 



/ 



2-Thiophenecarboxaldehyde 



129 3-Thiophenecarboxaldehyde 



2-Tbiazolcarboxaldehyde 



OH 



O-N 



/ 



CH, 



O-N 



/ 



CK 



O-N 



0 



/ 



O-N 



/ 



O 



O-N 



/ 



O-N 



/ 



O-N 



/ 



O-N 



/ 



O-N 



/ 



O-N 



/ 



N^ 
O-N $ 



610.3226 



344.1735 



356.2071 



370.2233 



380.1738 



380.1732 



384.2047 



390.1948 



391.1863 



396.1491 



396.1526 



397.1446 
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131 



132 



133 



134 



135 



136 



138 



139 



140 



5-Norbornene-2- 
carboxaldehyde 



Octanal 



3-Phenylpropionaldehyde 



3 ,4-Difluorobenzaldehyde 



Ethyl 2-formyl-l- 
cyclopropanecarboxylate 



Cviminaldehyde 



O-N 



0 



406.2285 



H 



/ 



CH. 



412.2706 



O-N 



0 



/ 



137 (Dimethylamino)benzaldehyde 



3-Hydroxy-4- 
methoxybenzaldehyde 



2-Naphthaldehyde 



2-Quiaolinecarboxaldehyde 



418.2272 



O-N 



/ 



O-N 



/ 



O /^" CH 3 



O-N 



/ 



O-N 



/ 



f Vn ! 



CH 



3 



O-N 



'/ \__/ CH, 



/ 



O-N 



OH 

'/ CZ) CH 



/ 



O-N 



/ 



O-N 



/ 



426.1769 



426.2110 



r\\ //^r.u 1432.2419 



433.2391 



O I 436.1992 

3 



440.2117 



441.2048 



212 



WO 2005/048933 



PCT/US2004/037854 



141 



4-Quinolinecarboxaldehyde 



142 



Quinoline-3 



143 



144 



145 



146 



147 



148 



149 



150 



151 



3-Chloro-4- 
fluorobenzaldehyde 



l-Methylindole-2- 
carboxaldehyde 



1- Methylindole -3- 
carboxaldehyde 



l-Benzothiophene-3- 
carbaldehyde 



4-Acetamidobenzaldehyde 



Methyl 4-foimylbenzoate 



l-(4-Foimylphenyl)-lH- 
imidazole 



3,4-Dicblorobenzaldehyde 



4-(2-Pyridyl)beazaldebyde 



O-N 




441.2018 



/ 




441.2027 



442.1476 



O-N 



/ 



O-N 




443.2213 



/ 



O-N 




CH. 



/ 



O-N 




443.2189 



446.1651 



/ 



N 



O-N 



447.2121 



/ 



O-N 




448.2003 



/ 



-T-O"0n 456.2140 
O-N N — ' 




458.1153 



O-N 



467.2162 
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161 



4-Hydroxy-2-butanone 



162 



Acetoin 



163 



3-Acetylpyrrole 



164 



Diacetone alcohol 



r h 3 c v_/" oh 1 

O-N 

/ 


372.2002 


1 H,C OH I 

O-N OM 3 

/ 


372.2054 
393.2046 


1 *¥<J" 

O-N — 

1 j 


\ H^CH 

H 3 C^/" OH 

O-N 

/ 

._ 


400.2371 



Examples 165-172 

M aldebyde or ketone from are .able below (U equivalents) was added to atest 

tabe contain** a solution of M(an^)^H^«>~^- 
1 ^v^arnin. (prepared as described iu Par. A-H of Example 95, 2 nrg, 
0 InL ) ir.red.ano. (1 nO,). The test tube was eapped and placed on a shaker at 

tte compounds were purified using the method described . * 

L be, w shows .be ketone or aldehyde used for eaeb example, *. — o the 



Examples 165-172 




Example 



165 



Reagent 



Butyraldehyde 



R 



O-N 




/ 



Measured Mass 
(M+H) 



341.2074 
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Examples 173-192 

3-Bro m o-5^-b»^*n*yl S ilaayloxy m e t h y l)p jri dme was prepared according 
to to pile, pidure (Zhang, N. e« al, , Me, O-, «. -2-2340 (200,),. Undo, 

. nihogen atmosphere, a solunon - ""^ ^ borate 

but yldimethyl S Uanyloxymethyl)pyndine(2S.70g, 94.94 mm ) 

(26 , mL, 1 14 mmol) in dry THF was cooled to -70 »C. »-Bu,ylMnum (4«mU U 
L» was add* dropwise over a period of 1.5 hours. * reaoUon was shrreo for an 
^onal 30 minutes and men allowed to warm to -20 °C. Dilute aqueous ammomum 
Coride was addeu, and the mi*ure was aUoweo to warm to ambient temperature. The 
^eouslayerwassepara^dandex^wi.diemylemer. — 
fLons were concent under reduced pressure, and methanol was added ,o the 
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result oil. A solid formed, which was stirred witir water for two days, isolated h y 
filbation, and dried under educed pressure to provide 18.19 gof H» 
b „ryldnu*yUilanyloxymethyl)pyridine.3-boronic acid as a white aohd. 

The compounds in ore lab.e helow were prepared according to the foUowmg 

met hod. A solution 1()0 g0 

Wdazot* S-Cuinolin-^anune (prepared as described in Parts A-J of Example 100 80 
^ J - 7:3 —mme (-» — ol (2 mE> was added » a 

^ol) indicated in the table below and ,,-propanol (3.2 mL) were sequent, y 
,be tes, tube was purged win, nitrogen. The reaction mixture was somcated unti a 

0.0053 mmol), 2M aqueous sodium carbonate solution (1 .2 mE — 
^ and a solutionof 0.15 M triphenylpbosphine in .propane, (106 *™»™^ 
w , sexually added. The tea. babe was purged wilh mitogen, capped, and *en hea*d 
TgO-C overnight inasandbath. For Example 18 3, the solvent was removed by — 
ligation,! racial acetic acid (1 mE), tetiahydromtae (1 ' 
(Im^wereaddedtometesttube. The reaction was healed ovenught a. 60 C. The 
solvent waa removed torn the test tubes by vacuum centnfugatiou. 

The contents of each lest time were passed through a Waters Oasrs Sample 
Extraction Cartridge MCX (6 cc) according to me following procedure. Hydrechlortc 
" of 1 N) was added to adjust each ex*np,e to pH 5-7, and the — -*» 
t U^ShmecartridgeoptionaUyuamgHghtnitiogenpressure. 

was washed with methanol (5 mL) optionally using light nitrogen pressure and transferred 
raele m .«atti^.As..utienofl%ammomammnm^.(2x5mE)was^P^ 

^:cZ:rlp^edaade,ribedmBx a mp,.102-115. Thetab.ebe.ow 
sbows me boronle acid used for each example, me suuctirre of me resulting compound, 
and the observed accurate maas for the isolated .rifluoroacetate salt. 
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Examples 173-192 



N 



H 3 Q. 

NH 2 //~ CH 3 
N O-N 

>\ / 



N 



CH, 



Example 



173 



174 



175 



176 



177 



178 



179 



180 



181 



182 



183 



Reagent 



None 



Phenylboronic acid 



Pyridine-3-boronic acid 
Thiophene-3-boronic acid 



:-Methylphenylboronic acid 



4-Methylpbenylboronic acid 



o-Tolylboronic acid 



(2-Hydroxyphenyl)boronic acid 



4-Cyanophenylboronic acid 



(2-Hydroxymethylphenyl)boronic acid 

dehydrate 



5-{tert- 

Butyldimethylsilanyloxymethyl)pyridine- 

3-boronic acid 



R 


Measured 
Mass 
(M+H) 




404.1086 1 


1 


402.2313 


%r 1 


403.2241 


roil 


408.1819 


gr 


1 416.2418 




416.2426 




416.2428 


Tar 


418.2227 



427.2238 



N 



432.2367 



OH 



433.2316 



HO 



218 



PCT/US2004/037854 

WO 2005/048933 




219 



WO 2005/048933 



PCTAJS2004/037854 



25 



Example 193 
imidazo[4,5-c]quinolin-l-yl]ethylcarbamate 



NH 2 




5 ^ A A mixture of tired,* orthoformate (92 mL, 0.55 mof, and 

a„xane-4,6-dione (75.3 g, 0.522 mo!) (Meldrum-s acid) was heated a, 55 C for 90 
^ and to cooled to 45 «C. A solution of 3-benzyloxyanthne (100.2 g, 0.5029 mo!) 

fa methane! (200 mL) was slowly added «o tire reaction over a period 45 — 

t_ i cnop The- reaction was then heated at 45 L, 
10 maintaining the reaotion temperatoro below 50 C. The reaction «- 

for one boar, ailowed » coo. to room temperature, and sorted overntght. The «*- 
.rixture was coole4 to 1 °C, and tire prodnc, was isolated by filtration and washed wtth 
cold ethanol (--400 mL) until the filtrate was colorless. 5-{K3- 

15 isolated as a tan, powdery solid. 

•H NMR (300MHz, DMSO-*) : * U.2! (d, / - 14.2 Hz, 1H), 8.61 (d, 7= 1« a 1H), 
™0 (m, 7H), 7,2 (dd, ,= 8.!, !.96 Hz, !H>, 6.9, (dd, B.4, 2, Hz, !H), 5.!6 (a, 

2H),1.68(s,6H). 



20 PartB 



Anfixnneof5-(K3-ber^loxy)phenylinnno]methyl)-2,2-dtoeuryH 
4 6-dione (170.65 g, 0.483 mol) and DOWTHERM A heat transfer fluid (800 , mL) waa 
hMtt d to tOO °C m d men slowly added to a flas* confining DOWTHERM A heat 
^fer finid (..3 L,heated at 2:0-0 over aperiod of 40 minutes. During a^- 
fce .action temperature was no, afiowed to fid. below 207 °C. FoUowmg the addthon, the 
action was stirred at 21 0 «C for one hour, and then allowed to cool to ambtent 
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, A precipitate formed, which was isolated hy filtmtioo, washed with diethyl 
temperature A prectp^t „ provide 76 . 5 g „f 7- 

ether (1 .7 L) and acetone (0.5 L,), ana unc 

^oxyauinolin^laaa^powde, ^ ^ ^ 

'H NMR (300MHz, DMSO-rfs) 11.53 (a. Uft"»< • 

- 7.4Hz, 1H), 7.50-7.32 (m, 5H), 7.00 (a, 1H), 6.98 (dd, 7-2.5, 7.4Hz, 1H), 

7.5Hz, 1H), 5.20 (s, 2H). 

Part C t a n \ (t\ 47 s 0 2844 mol) and propionic acid 

A mixhrre of 7-benzyloxy,tnnohn-4-o. (71.47 . ,02 > ^ 

j , ! o c o r vigorous stirring. Nitric acia ^- UUUi 
(700 mL) was heated to .25 C w* ^ ^ ^ ^ 

slowly added over a period of 30 minutes wnue m 

.I 121 °C and 125 °C. After the addition, the reaction was stirred at 125 Cforl 
between 121 Candid Th P resulting solid was isolated by 

houI to allowed to coo, * ambient temple. The — ^ 
mute washed with water, and dried m an oven for 1 .5 days to pr 

^-3-ni^uinonn^l - • - JJ^ „, ^ J= 3 .3, ,3Hz, 

•H NMR (300MHz, DMSO-A): 8 12.77 (s,lH),f.t t, 

1H), 7.51-7.33 (m, 5H), 7.21-7.17 (m, 2H), 5.25 (s, 2H). 



20 



25 



\ 



Part D lHtn0 o Cand phosphorous oxychloride (27.5 mL, 0.295 

nMFttOOmL) was cooled to 0 C,anapnos>pi 

DMF (100 mio stirre d for 25 minutes and then 

m ol) was added dropwise. The resulting soiu 

• ♦ o ^ivture of 7-benzyloxy-3-nitroqumolin-4-ol (72.87 g, 

addeddropwisetoamixtureof7b ^ at 100 <>c for 5 minutes, 

DMF(4 00mX). Atanprecipitate 

::r w :r a ^ *t 

Sit - over magnesium sulfate, ftltered, ,d — ^ 

+ -^ 72 9 e of 7-benzyloxy-4-chloro-3-mtroqumohne as a hgat oro 
pressure to yield 72.y g oi / oouz-a j „htt in\77lM7= 

2.4Hz, 1H), 7.66 (dd, /- 2.4, y.^nz, 



30 2H). 
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u , u w CM 1 e 338 mmol) was added to a stirred 
tert-Butyl 2-aminoethylcarbamate (54.1 g.« ouu ^ . . « . „ 

ten xsuiy mmol) and tnethylamrne 

solution of 7-benzyloxy-4-chloro-3-nitro q — (88 6g ^^ j^^^ 
(5 89mL 422 mmol) in DMF (800 mL) at room temperature. The reaction mi 
(58.9 mb, ^ beaker to preciplt ate a 

} stirred for 4 hours, then was poured onto stared hot 

-i ^ Kv filtration and dried under vacuum at 65 C to yield l ^ . 
vellow solid that was isolated by nitration anu 

yellow son „;tronumolm-4-yl]amino}ethylcarbamate. 
g of terf-butyl 2 -{[7-(benzyloxy)-3-mtroqumohn « y j 

♦ 

Part F 

Amixtureof^butyl2-{^ ^ , . , 

0 A nuxtur 50/o latinum on carbon (1 g), and ethyl 

y l]amino}ethylcarbamate (10.0 g, 22.8 mmol), p 5 

\ t n 00 was hydrogenated on a Parr apparatus at 30 psi (2.1 x 10 Pa) 
acetate (100 mL« E ^ ^ ^ ^ ^ which 

hydrogen overnight «~ The filtrate was concentrated under reduced 
was rinsed afterwards with methanol. The nitrate w 

15 pressure and used directly in the next step. 



PartG 



"j onn ffl T 25 1 mmol) was added to a solution of the 
Chloroacetyl chloride (2.00 mL, 25.1 mmoijw 

, • /<4n m T 45 6 mmol) in dichloromethane (200 
material from Part F and triethylamine (6.40 mL, 45.6 mmol; m 
material tr The reacti on mixture was stirred at room temperature for 30 

20 mL) at room temperature. The reaction mi The residue was dissolved in 

^taenwasconcentratedunderreducedpressure. 

ethanol (200 mL) and die solution was stirred at room temperature for 4 days Th 
eth K w # . to ^ a br0 wn foam that was purified by chromatography 

solution was concentrated to yteld a b^wn methano ydichlorometaane) 
usine a HORIZON HPFC system (sihca gel, elution witn 

25 d 4.S7 g of ^ WH^^"^^ 
c]q utoo1ta-l-yl]emylearbamate as a yeUow foam. 



mCPBA (77% purity, 5.84 g, 26.! mmol) was added to a sorted solnuon of «r>- 
30 ^ 2-1 -W ^^(joo^^ten^ After 30 minute,, ^ 



(4.87 g, 10.4 
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r A + Worv funnel and washed with 1% aqueous 
.action nature was hansferred to a »^ sulfate ^ 

sodium carbonate (100 mL). The organic layer was dried 
filtered. The filtrate was used in the next step. 



10 



20 



25 



Part 1 • u j rco mL) was added to the solution from Part H 

Concentrated ammonium hydroxide (50 mM was *u 

Ire The mixture was steed for 2 minutes, and menp-mtaeneaulfonyl 
Uslo^added. x.ereaononm.mrewassnrredforSOminu.es 

Tj^tZrL mnne.. The layers were separate* and the „ layer 
(hen transferred to a separator, ^ organic layers were eombined, 

was extracted with diohloromethane (3 x 50 mL). The g 

filtered and concentrated to yieia a orow ii 
^ over magnesium sulfate filtered andc ^adient 

was purified by chromatography using a HORIZON HP y no _ 7 _ 
, ■ 1 no/ methanol/dichloromethane) to yield 2.71 got ten outy i 

elution with 5-10/0 methanol 5 . c]quinoU n-l-yl]ethylcarbamate as a yellow 

(benzyloxy)-2-(chloromethyl)-lH-imidazoL4,3 cjq 



15 foam. 



^ 1 A solution of ^-butyl Z-^amme-^enzyloxyVMemoromemylHH- 

nrndazo[4,5-c]quinoim yij y 72 mmol) and triethylamine 

added to a stirred solution of^hydroxyphthahmide (1,0 g 6.72 ^mrn 

n « mL 1 1 2 mmol) in DMF (10 mL) at room temperature. A solid forme 

' A^r iThirs dichloromethane (50 mL) was added and the solid was isolated 

mmUteS - . ^ 7m dichloromethane followed by diethyl ether, and dried under 

by filtration, washed with dicniorom 3-dioxo-l,3-dihydro- 

+ • iji Ko of f erf-butyl 2-(4-amino-7-(benzyloxy)-2-{[(l>3-dioxo y 
vacuum to yield 3.15 g of ^ * K as an off- 

2H-isoindol-2-yl)oxy]methyl}-lH-imidazoL4,5 cjq 



30 



PaXt K t m 753 mL 15 5 mmol) was added to a stirred suspension of 

Hydrazine hydrate (0.753 mL, vo.Dimu. j 

, o /rn ^ dioxo-1 3-dmydro-2ff-isoindol-2- 
K„tvl 7-f4-amino-7-(benzyloxy)-2-{[(l,3-dioxo v^J 
tert-Dutyi z-jh duiuiu v 8 mmol) m 

yOoxrfmemy.Htf-taM^ (3.15 g. 5.1. mnr 
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- . «. mL1 The suspension was stirred a. room temperature for 3 honrs, then was 
ethanol (50 mL). The suspend of crude tert- 

atered The filtrate was concentrated under reduced pressure to yM 2.43 g of 
filterea. ine n n, m wloxvVlH-irnidazo[4,5-c]qumohn-l- 
buty l 2 . [4 - a mnio-2-[(aminooxy)methyl]-7-(beiizyloxy) in 

yqefltyle^e to. was used without purification in fh. next step. 



I 



PartL • 1 4v Part if in acetone (25 mL) and methanol (25 mL) 

A solution of the material from Part K in acetone [/. , nressure 

■ u* tfc-n was concentrated under reduced pressure 
was stirred at room temperature overnight, then was conce 

to ^Id a yellow soUd that was purified by chromatography using a HOIOZON HP 
JL (siHca gel, elution with 10* metha^oVdichloromethane) to afford 221 g of ^ 

inndazo^^-clquinolin-l-yllethylcarbamate as a foam. 

* KMR (300 MHz, DMSO-d 6 ) 8 8.09 (d, 9.2 Hz, 1H>, 7.29-7,2 (m 5H) 7, ( 

*Lt 9 6HzlH) 6 94(dd,J=8.9,2.6Hz,lH),6.58(br S ,2H),5.24(s,2H), 

(APCI) m/z 519.2 (M + H) + . 

Examples 194-217 
To a stirred solution of ^-butyl2-[4-amino-7-(benzyloxy)-2-({[(l- 
To a stirr : midazo r4 5-clquinolin-l-yl]ethylcarbamate 

I "L^) in dieh.oronrefi.ture (40 mL) ' 

<*. ^^nmT^andtrifluoroaceticacidOOmL). lneciouuya h 
oichloromethane (50 mL) and t» ^ ^ „ 

stteed at room temperature for 3.5 hours, then was 

^d a paste. The paste was concentrate* fiom dicMo— - «- * 

^goface^O^ammo^-am^^^ 

•, • r„OvllTnemvnoximetris(trifluoroacetate)asayellowsohd. 
^t^S me tah.e heiow (U events, 0.H tnmo.) canhe added m a - 
«. coining a sotuuon of acetone 0 , [ 4-amino-H2-annn M my 1 )-7-( b en.y 1 oxy). 1 H- 
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ol) and 



umdaZ01 ' W ' .. n mU and the reaction and purification 

gamine (73 ^ 0.50 remol) in chloroform (1 reL), 

can ho carried o«. according to the procedure deaenhed » Examples 60 83 

. j f „ ..eh example and the structure of the resulting 
below shows a reagent that can be used for each exampl 

compound. 
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Examples 194-217 




Acetyl chloride 



Propionyl chloride 



Butyryl chloride 



Isohutyryl chloride 



Cyclopropanecarbonyl chloride 



Cyclopentanecarbonyl 



chloride 



Cyclohexanecarbonyl chloride 
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213 


v^yciopentyi isocyoiid-ic 


O 


• 

214 


Cyclohexyl isocyanate 


O 

1-0 


215 


* • « ■ 4 111 * 1 

1-Pyrrohdinecarbonyl chlonde 




216 


1-Piperidinecarbonyl chloride 


0 


• 

217 


4-Morpholinecarbonyl chloride 


-v 



Exemplary Compounds 

Certain exemplary compounds, including some of those described above in the 
Examples, have the following Formulas (Hie, IVc, Va, and Via) and the following R" R 2 > 
and Ri substituents, wherein each line of the table is matched with Formula IHe, IVc, Va, 
or Via to represent a specific embodiment of the invention. 
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R 2 


Ri 


CH 3 


2-methylpropyl 


CH 3 


2-hydroxy-2-methylpropyl 




2-methyl-2-[(methylsulfonyl)amino]propyl 


CH 3 


4- [(methylsulfonyl)amino]butyl 


\ / 


2-methylpropyl 


\ / 


2-hydroxy-2-methylpropyl 




2-methyl-2- [(methylsulfonyl)amino]propyl 


\ / 


4-[(methylsulfonyl)amino]butyl 


b 

N — N 

} = ° 


2-methylpropyl 


b 

x — N 

/ 


2-hydroxy-2-methylpropyl 


b 

^ — N 


2-methyl-2- [(methylsulfonyl)amino]propyl 
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b 


4- [ (methylsulfonyl)amino]butyl 


N — N 
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CYTOKINE INDUCTION IN HUMAN CELLS 
Compounds of the invention have been found to induce cytokine biosynthesis 
when tested using the method described below. 

An in vitro human blood cell system is used to assess cytokine induction. Activity 
is based on the measurement of interferon (a) and tumor necrosis factor (a) (IFN-a and 
TNF-a, respectively) secreted into culture media as described by Testerman et al. in 
"Cytokine Induction by the Immunomodulators Imiquimod and S-27609", Journal of 
Leukocyte Biology, 58, 365-372 (September, 1995). 

Blood Cell Preparation for Culture 

Whole blood from healthy human donors is collected by verupuncture into EDTA 
vacutainer tubes. Peripheral blood mononuclear cells (PBMC) are separated from whole 
blood by density gradient centrifugation using HISTOPAQUE-1077. Blood is diluted 1:1 
with Dulbecco's Phosphate Buffered Saline (DPBS) or Hank's Balanced Salts Solution 
(HBSS). The PBMC layer is collected and washed twice with DPBS or HBSS and 
resuspended at 4 x 10 6 cells/mL in RPMI complete. The PBMC suspension is added to 48 
well flat bottom sterile tissue culture plates (Costar, Cambridge, MA or Becton Dickinson 
Labware, Lincoln Park, NJ) containing an equal volume of RPMI complete media 
containing test compound. 

Compound Preparation 

The compounds are solubilized in dimethyl sulfoxide (DMSO). The DMSO 
concentration should not exceed a final concentration of 1% for addition to the culture 
wells. The compounds are generally tested at concentrations ranging from 30-0.014 |iM. 

Incubation 
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The solution of test compound is added at 60 to the first well containing RPMI 
complete and serial 3 fold dilutions are made in the wells. The PBMC suspension is then 
added to the wells in an equal volume, bringing the test compound concentrations to the 
desired range (30-0.014 yM). The final concentration of PBMC suspension is 2 x 10 6 
cells/mL. The plates are covered with sterile plastic lids, mixed gently and then incubated 
for 18 to 24 hours at 37°C in a 5% carbon dioxide atmosphere. 

Separation 

Following incubation the plates are centrifuged for 10 minutes at 1000 rpm 
(approximately 200 x g) at 4°C. The cell-free culture supernatant is removed with a sterile 
polypropylene pipet and transferred to sterile polypropylene tubes. Samples are maintained 
at -30 to -70°C until analysis. The samples are analyzed for interferon (a) by ELISA and 
for tumor necrosis factor (a) by ELISA or IGEN Assay. 

Interferon (a) and Tumor Necrosis Factor (a) Analysis by ELISA 

Interferon (a) concentration is determined by ELISA using a Human Multi-Species 
kit from PBL Biomedical Laboratories, New Brunswick, NJ. Results are expressed in 
pg/mL. 

Tumor necrosis factor (a) (TNF) concentration is determined using ELISA kits 
available from Biosource International, Camarillo, CA. Alternately, the TNF concentration 
can be determined by ORIGEN M-Series Immunoassay and read on an IGEN M-8 
analyzer from IGEN International, Gaithersburg, MD. The immunoassay uses a human 
TNF capture and detection antibody pair from Biosource International, Camarillo, CA. 
Results are expressed in pg/inL. 

Certain compounds of the invention may modulate cytokine biosynthesis by 
inhibiting production of tumor necrosis factor a (TNF-a) when tested using the method 
described below. 
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TNF-a INHIBITION IN MOUSE CELLS 
The mouse macrophage cell line Raw 264.7 is used to assess the ability of 
compounds to inhibit tumor necrosis factor-a (TNF-a) production upon stimulation by 
lipopolysaccharide (LPS). 

Single Concentration Assay: 
Blood Cell Preparation for Culture 

Raw cells (ATCC) are harvested by gentle scraping and then counted. The cell 
suspension is brought to 3 x 10 5 cells/mL in RPMI with 10 % fetal bovine serum (FBS). 
Cell suspension (100 |iL) is added to 96-well flat bottom sterile tissues culture plates 
(Becton Dickinson Labware, Lincoln Park, NJ). The final concentration of cells is 3 x 10 4 
cells/well. The plates are incubated for 3 hours. Prior to the addition of test compound the 
medium is replaced with colorless RPMI medium with 3 % FBS. 

Compound Preparation 

The compounds are solubilized in dimethyl sulfoxide (DMSO). The DMSO 
concentration should not exceed a final concentration of 1% for addition to the culture 
wells. Compounds are tested at 5\jM. LPS (LipopolysaccaridefromiSa/mone//a 
typhimurium, Sigma-Aldrich) is diluted with colorless RPMI to the EC 7 o concentration as 
measured by a dose response assay. 

Incubation 

A solution of test compound (ljxl) is added to each well. The plates are mixed on a 
microliter plate shaker for 1 minute and then placed in an incubator. Twenty minutes later 
the solution of LPS (1 \xL, EC 70 concentration ~ 10 ng/ml) is added and the plates are 
mixed for 1 minute on a shaker. The plates are incubated for 18 to 24 hours at 37 °C in a 5 
% carbon dioxide atmosphere. 

TNF-a Analysis 

Following the incubation the supernatant is removed with a pipet. TNF-a 
concentration is determined by ELISA using a mouse TNF- a kit (from Biosource 
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International, Camarillo, CA). Results are expressed in pg/mL. TNF-a expression upon 
LPS stimulation alone is considered a 100% response. 

Dose Response Assay: 

Blood Cell Preparation for Culture 

Raw cells (ATCC) are harvested by gentle scraping and then counted. The cell 
suspension is brought to 4 x 10 5 cells/mL in RPMI with 10 % FBS. Cell suspension (250 
|oL) is added to 48-well flat bottom sterile tissues culture plates (Costar, Cambridge, MA). 
The final concentration of cells is 1 x 10 5 cells/well. The plates are incubated for 3 hours. 
Prior to the addition of test compound the medium is replaced with colorless RPMI 
medium with 3 % FBS. 

Compound Preparation 

The compounds are solubilized in dimethyl sulfoxide (DMSO). The DMSO 
concentration should not exceed a final concentration of 1% for addition to the culture 
wells. Compounds are tested at 0.03, 0.1, 0.3, 1, 3, 5 and 10 |iM. LPS 
(Lipopolysaccaride from Salmonella typhimurium, Sigma- Aldrich) is diluted with 
colorless RPMI to the EC 70 concentration as measured by dose response assay. 
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Incubation 

A solution of test compound (200 jol) is added to each well. The plates are mixed 
on a microtiter plate shaker for 1 minute and then placed in an incubator. Twenty minutes 
later the solution of LPS (200 |iL, EC 70 concentration - 10 ng/ml) is added and the plates 

5 are mixed for 1 minute on a shaker. The plates are incubated for 1 8 to 24 hours at 37 °C in 

i 

a 5 % carbon dioxide atmosphere. ^ 

TNF-a Analysis 1 

Following the incubation the supernatant is removed with a pipet TNF-a 
10 concentration is determined by ELISA using a mouse TNF- a kit (from Biosource 

International, Camarillo, CA). Results are expressed in pg/mL. TNF-a expression upon 
LPS stimulation alone is considered a 1 00% response. 

* 

15 The complete disclosures of the patents, patent documents, and publications cited 

herein are incorporated by reference in their entirety as if each were individually 
incorporated. Various modifications and alterations to this invention will become apparent 
to those skilled in the art without departing from the scope and spirit of this invention. It 
should be understood that this invention is not intended to be unduly limited by the 

20 illustrative embodiments and examples set forth herein and that such examples and 
embodiments are presented by way of example only with the scope of the invention 
intended to be limited only by the claims set forth herein as follows. 
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